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MACRQCYCLIC LAC TAM PROKINETIC AGENTS 

This application is a continuation-in-part of copending US application Serial 
No. 07/682,836. filed on April 9, 1 991 . 

TECHNICAL FIELD 

This invention relates to novel macrocyclic lactam derivatives of erythromycins 
A, B, C and D and pharmaceutical compositions containing these compounds, as 
well as the use thereof in treating gastrointestinal disorders and in facilitating the 
placement of diagnostic and therapeutic instrumentation into the proximal small 
intestine. The invention also relates to processes for preparing these compounds 
and synthetic intermediates employed therein. 

pAT^RO! IMP OF THE INVENTION 

The primary function of the alimentary or gastrointestinal (Gl) tract is to provide 
the body with a balanced supply of water, electrolytes and nutrients. In order for 
this to be achieved, food must be moved along the Gl tract at an appropriate rat for 
digestion, absorption and secretion to take place. Food is normally transported 
through the Gl tract in a well-coordinated manner by propulsive movements which 
are mediated by clusters of smooth muscle contractions known as migrating 
myoelectric complexes, in a process commonly referred to as peristalsis. 

Defects in the normal motility pattern can lead to the development of chronic, 
painful and debilitating disorders. For example, an incompetent or weak lower 
esophageal sphincter may result in frequent reflux of ingested food from the 
stomach into the esophagus, which may lead to esophagitis. Prokinetic agents 
(also called motilityHBnhancIng ,-^^{^J^f4,Mp treating reflux esophagitis 
because they (a) increase the pressure of the lower esophageal sphincter, thereby 
inhibiting reflux; (bj increase the force of esophageal peristalsis to facilitate 
clearance of food from the esophagus into the stomach; and (c) increase gastric 
emptying, thereby further decreasing the mass available for reflux. 

There is a need, however, for improved prokinetic agents in the treatment of 
this disorder. Presently used cholinergic drugs such as bethanechol and 
dopamine receptor blocking agents such as metoclopramide may exhibit serious 
disadvantages. Bethanechol, for example, should be avoided by elderly patients 
while metoclopramide has a narrow therapeutic index, pronounced central nervous 
system (CNS) side effects and is known to stimulate prolactin release. 



BNSOOCID: <WO 9218134A1_I_> 



PCI7US92/02590 

WO 92/18134 

-2- 

Patients suffering from other Gl motility-related disorders such as delayed 
gastric emptying, diabetic gastroparesis, anorexia, gall bladder stasis, surgically 
induced adynamic ileus and chronic constipation (colonic inertia) may also benefit 
from treatment with prokinetic agents. In addition, prokinetic agents can ad in the 
placement of diagnostic and therapeutic instrumentation, such as during the 
insertion of enteral feeding tubes into the proximal small intestine. 

Another, less common but very painful and disruptive Gl motility disorder is 
chronic intestinal pseudoobstruction. Patients who are severely afflicted with this 
problem cannot tolerate oral feedings and require total parenteral nutrition. 
Metochlopramide and bethanecholineare also usedjn the treatment of this 
disorder but often with disappointing results. Prokinetic agents could not only be 
useful in alleviating the distress associated with this disorder, but also in severe 
cases could be used to facilitate treatment by decompression of the upper Gl tract 
by nasogastric tubal aspiration. Increased gastric motinty brought about by the use 
of a prokinetic agent has been shown tojacilitate the placement of the necessary 

tubes into the intestine. : 

Macrocyclic lactone (macrolide) prokinetic agents are known. For example. 
J.S. Gidda ei a/.. in European Patent Application No. 0349100. published January 
3. 1990, disclose l2-membered macroOdes for use as gastrointestinal motility 
enhancers. S. Offlura sind-Z. Itbhi in U.S. Patent No. 4,677,097,: issued June 30. 
1 987; European Application No. 21 5,355? published March 25, .t987, and 
European Application No. 213.617. published March 1.1 . .1987rdisclose derivatives 
of erythromycins A/ B, C arid D which "aire useful as-stimufants-of digestive tract 
"comradiie motion. Howeverf the* compounds^of thesa references are>distinct from 
those of the present invention, to which novel lactam derivatives of the; 
erythromycins are disclosiedfwhich possess anunexpected degree of prokinetic 
activity. 



SUMMARY bF TMF-iNVgKlTIQN 



In one aspect of the present invention are provided macrocyUC lactam 
prokinetic agents of formula (1) <" r ■■ 
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and pharmac^uticaily acceptable salts thereof wherein the dotted line is an 
: optional bond/ 5h formu 




where a Wavy iirie represents a bond haying .either steric orientation. 

R 1 and R 2 in formula (I) may independently t>e selected from hydrogen, 
loweralkyl, halo-substituted loweraikyl; cy ano-su bst itut ed I owe ral ky I , hydroxy - 
substituted iowe ralkyl, > loweralkenyl, ipweralkynyl, lower cycloalkyl, lower 
$ cycloalkylmethyl artdbenzyl -n ? :^m\ t >%j:. r - - ^ 

R3 in formula (l> may i>© absent pr, if presept;: setectetd frpm Ipweralkyl, 
Ibweralkenyt, loweralkynyl and be^l andijac^mpariied by a pharmaceutical^ 
ac^ptaible coUnterion so as to lorm^a^ salt ; 

R 4 4n formulae (I) and (111) imay be h may 
form an ether bridge. 

R5 in formula (I) may be -OH, or -OR 10 , wherein R 10 is selected from 
loweralkyl, loweralkanoyl and -S(0)2CH;& -or, taken together wi#) R 6 and the 
carbons to which they are attached, may form a cyclic carbonate. 

-< R® in formula (I) may be hydrogen, -OH, or rOR 1 1 wherein R 1 1 is selected 
from loweralkyl, loweralkanoyl and -S(0)2CHs; or, taken together with R 4 , may 
form an ether bridge; or, taken together with R 5 and the carbons to which they are 
attached, may form a cyclic carbonate. 

R 7 in formula (I) may be either hydrogen or methyl. 
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R8 in formula (I) may be hydrogen qr loweralkyl, 
R9 in formula (I) may be hydrogen or hydroxy. 

In another aspect of the present invention are provided synthetic processes for 
preparing the compounds of the invention, as well as novel intermediates of 
formulae (V) and (VI) 




* CH, 
CH3 f 



CH 3v N ^CH, 
..'♦•b^o^CH, 




(V) 



CK, OR 7 



•»„ - :|S .- 




useful therein wherein R 6 is -OH or hydrogen, R 7 is hydrogen or methyl, R 8 is 
hydrogen or ; loweralkyl and R 9 is hydrogen or hydroxyl. The lactam compounds of 
the invention : may be prepared directly ,from such intermediates, as by inducing ring 
closure of the amine alcohol of formula (V) or by an epoxide opening and 
spontaneous c^cli^ation of the epoxide qtlQmiula^!)^ .Alternatively, the epoxide 
.intermediate may first be converted to an aado alcohpJ and then, reduced to the 
above amine alcohol before ring closure is induced. 

In a further aspect of the present invention are provided pharmaceutical 
compositions for stimulating contractile motion of the gastrointestinal tract 
comprising a therapeutically effective amount of a compound of the invention and a 
pharmaceutical^ acceptable carrier. 

In yet another aspect of the present invention is provided a method of treating 
disorders characterized by impaired gastrointestinal motility such as esophageal 
reflux, diabetic gastroparesis, pediatric gastroparesis, postoperative paralytic ileus, 
intestinal pseudoobstruction, gallbladder stasis, anorexia, gastritis, emesis and 
chronic constipation, comprising administering to a human or lower mammal in 
need of such treatment a therapeutically effective amount of a compound of the 
Invention. In a related aspect, the present invention provides a method of 
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facilitating the placement of diagnostic and therapeutic instrumentation, such as 
enteral feeding tubes, into the proximal small intestine comprising administering to 
a human or lower mammal in heed of such treatment a therapeutically effective 
amount of an inventive compound. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention comprises novel compounds of formula (I) and the 
pharmaceutical!/ acceptable salts thereof which are gastrointestinal prokinetic 
agents, the compounds of the present invention did not exhibit antibacterial 
activity in in vitro screening assays. . These compounds are synthetic lactam 
derivatives of erythromycins A through D; accoitiingly,;substituents R 6 and R 7 of 
the formulae herein are initially determined, as shown below, by the particular 
erythromycin used as starting material: 

Erythromycin Resulting R6 Resulting R 7 

A -OH methyl 

"•■ B : hydrogen methyl 

1 c -OH hydrogen • 

•■- 0' • i;1 " t - ;r hydrogen 5 • hydrogen ^ r 

HbWeverv such lactams nriay be fCirthdr derivatized/ using well-known synthetic 

••' methodology, tb obte^c^mFtouhds- of the invention having other substituents R 6 as 
well. ^v:r-d iv-.^',. : .<,.,- 
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One class of compounds of the present invention, formed when A of formula (I) 
is a group of formula (II), may be represented by the formula 




„3 

"VCR 2 

CH. N 




CHj 



*ch, (I a) 



CH/ OR 7 



Another class of compounds of the invention, formed when A is a group of 
formula (III) in which R 4 is hydrogen, may be represented by the formula 




O^CHa 



R* 

t r 6 o;»s....»o- 

c Wt2" TSS" 1 (Jb) 



wherefn, as elsdwtim line represents a bond 

having either stenc orientation/ ' 

A corresponding subclass pf compounds of the invention occure when R 4 of 
formula (III), together with R 6 , forms an eth^r linkage; those compounds may be 
represented by the formula _ 0 _ 
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(lc) 




Yet another class of compounds of the present invention, formed when A is a 
group of formula (IV), may be represented by the formula 




Representative compounds of the present invention include 

[2a-(2a^3a^4fl^5B^8i:#s^t 

methyl-a-L-ribo-hexopyranosyl)oxy]-5-ethyl^ 
hexam^thyl-1 1 -[[3,4,6-tride 

aza-15-oxabicycio[10.2J]pentad^^ ("erythromycin A lactam enol 

, ether); , . . ^ . . , _ „ " . . . ...... .." 

methyl-^ 1 0,1 2,1 4-hexamethyl- 

11-[[3,4,6-trideoxy-3-(dimethylamino)-P~^^ 

oxabicyclo[10.2.1]pentadec-14-en-7-one ("erythromycin B lactam enol ether"); 
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[2E-(2a*.3H*,4H # .5B*,8fi*,9S*.1 1B*.12B*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 

methyl-a-L^Bd-hexopyranosyOo^ 1 2*1 4- 

hexamethyl-11-[[3,4,6-tndeoxy-3T(memylamino)-l3-D-xyio-hexopyranpsyl]o 

aza-15-oxabicyclo[l0.2.l3pentadec-14-en-7-orie; 

[2B-(2a^3B^4B^5B^8B^9£^10£^•11B^12B>H(2^ 
methyl-a-L-ribo-hexopyrano3yl.)oxy]-5-ethyl-3,4<Jihydroxy-2,4.8, ,1 0,1 2,14- 

hexamethyl-1 1 -[[3,43-trideoxyr3-(ethyim^^ 

6-az^15-oxabicyclp[10-2.13pentadec- : r 

: T4-en=7-on©; v~ •• - •-.':-;•-•:••>•;■,• *;/ *; .<• ■> .-?vn.-. . .. ? 

[2a-(2fi*3E*4fi\5a*-8B^9C^ 

methyl-a^L-ribo-hexopyranpsyl)pxy3-5-ethyl-34-di 0.1,2. 1 4- 

. hexametbyM t-[[3 5 4,6-tride^ 
hexopy ranosy!]oxy3-e-a2a-1 5-o^\c^(^9^Mp9in^9p:^4r.en'7?onp; 

methyl-a-L-ribo-hexopyranosyl&xy3-5-ethy^ 1 °« 1 2 .? 14 * 

hexamethyM l;-[(3^4;6?tn;deoxy^^ 

hexopyrandsylJoxyj-Svaza-15-cx^ bromide; 

I2a-(2a*,3a* i 4B*.5E*,Sa*;9S i . 1 0S v1 IB* *2B ! )]-M{ 2 .6-DW^^ 
methyJ-a-L-rlbo-hexopyranosyJ)oxy3^5-et.hy!j3,4 

hexametbyl-1T?[I3,4.^ 

aza»1 5-oxabicyciQf it 0.2. 1 1pentadec-1 A^n^rom ykd-QJ 4-Q-carbonat8 ; 

[ia4ia*2a*^B*^a*v5B*v8a^9s*,io£* i i.i^ 

methy!-3-Ormethyl^t^ribp-hexopyranosy!)pxy]-5 
2ft&lfhlfc1 4>h©xamethyl?1 1 -PAe^iidepxy-S^imsth^ 

i. {ia-(ia*;.2B\3^^^^^ 

methyl-3-0-methyl-a-L-ribp-hexppyranosyS)pxy3-^-®thyl-3-hydrp 0,1 2,1 4- 

hexamsthyM;1>[[3,4,6*tride^^ 

aza-1 5; t6*dioxatricycle[1 0.2.1.1 1 > 4 J pentadecan-7-pne; ■ . ; ; , 

i3B-(3a r .4£\5£ i *,6B*.7B\9£*. i l IB' , 1 2S*. 1 3fi*1 4E*)H-[(2,6 ? -didspxyT3-C-methyl- 
3-0-methyl-a-L-ribo-hGxopyranosy?)oxy3t1 4 ? ethyl-7v 1 2,1 S-trihydroxy-S, ,5,7,9, 1 1,13- 
- hexamethyl-6-[[3,4 s 6-ttfdeexy-3-(dimeihy^^ .. 
hexopyranosylJoxy]azaeyclotetradscan©-2 ,1 G-dione .("erythromycin A lactam"); 
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[2B-(2B , ,3B*,4B*.5H*.8B*,9S*,10S*.11H*.12E*)]-9-[(2,6-Dideoxy.3-C-methyl-a-L- 
; ribo-hexopyranosyl)oxy]-5-0thyl-3,4-dihydroxy-2,4,8JOJ2J4-hexamethyl-1 1- 
[[3,4,6-trideoxy-3-(dimethylamiKo^ 

oxabicyclo[10.2.l]pentadec-14^eH ; 7-dhe ("erythromycin C lactam enol ether"); 
[2B-(2B*,3B*.4B*,5B*.8B*.9S*/1 0£*,1 1 B*. 1-2B*)]-9-[(2,6-Dideoxy-3-C-methyl-a-L- 
ribo^hexopyranosyl)oxy]-5-ethyl-3,4-dihydroxy-2,4,8,l0,l 2, 14-hexamethyl-1 1 - 
[[3,4,6-tridebxy-3-(ethylmethylamino)-p^^^ 

bxabicyclo[l0.2.l]pentadec-l4-en-7-one; T 
[2B-(2B*.3S*.4S*.5fi*,8B*.9a*,1 OSll 1Bll 2B*)]-9K(2,e-DldeoXy.3-e-methyl-a-L- 

ribo-hexopyranosyl)oxy]-5«ethyl-3-hydroxy-2,4,8,1 0,1 2,1 4-hexamethyH 1 -[[3,4,6- 
trideoxy-3-(dimethylamino)-{^D^ 5- 7. 

oxabicyclop 0.211 ]pe'ntadec-l 4-eh-7^dne ("erythromycin D lactam enol ether); 
[2B-(2B*.3Sv4S\SB",8E r .9S*.10S*1 ! lB^.1 
ribb*nexopyran6syl)oxyj-5^ 
v " j 'tndeoxy-3-{ethylmethylam £• 
oxkbicydo[l0.2.1]pentadec-i4-en-7-6ne; - : > ' <' 

• l2BK2B^^4M*'5fi*;8ft*i^^a^1B: r , 1 2B*)]-9-l(2,6*Dideoxy-3-C-methyl-3-0- 
nv6ihyl-a-L^ribo-hexopyranosyl)oxy]-5-ethyf-3,4-dihydroxy-2,4,6,8,1 0,1 2,1 4- 
heptamethyl-1 if -[[3,4,6-trideoxy-3-(dimethylamino)-p-D-xylo-hexopyranosyl]oxy]-6- 
aza-1 5-oxabicyclo[ 1 0.2. 1 ]pe'ntaciec-1 4-en-7-one ; " 
[2R-[2R*;3R*(1 R ? .2S -JieR'^S', 88^9^1 0R*]l-7-[(2,4,6-Tnde^ 
methyi-tx^ribo-h^ 
s pentamethyl-9T[i2^<^ 
hexbpy ranbsyl]dxyj-4,f 3^fibxabicydbf 8^2H Jtrtdecl 2-en-5-one ; 

' : '[SR^R^R^^R^'S^ 
O-methyl-a-L-ribo-hexdpyrahosyOoxyl'S-ethy l-3,4*dihydroxy*2,4,8; 1 0,12,14- 
. v.: -hbxamethyl-1 1 ^[3,4j6-trid<toxy-3V(tiin^h^^ 

^a^tS-bxatteyclblfG.iLllpett if -"" - 

[2R-{2R*,3R*;4R ? ;5R * ,8R-,9S*.10S*;1 1 R ? , 1 2fl^]-9-[(2,4,6-Trideoxy-3-C-methyl-3- 
0-methyl-a-L-ribd-hexopyranosyl)oxy]-5-ethyr-3,4-dihydroxy-2,4,6 ( 8, 1 0, 1 2, 1 4- 
heptamet hyVi 1 -f [3i4 r 6-triddoxy i 3-(dimethyfemlho)-prD-xy 
aza-1 5-bxabicycio[1 0:2 .i [ipehtadec-I^Sn^-dna; 
[2R-(2R*,3R*,4R r ,5R*,8R*,9S^1dS*;TTR*,12R , )I-9-[(2l^ 
methyl a-L-ribo-hexopyrandsy^oxylTS-ethyt-S^Tdihydroxy-?^,.®, 1 0,1 2,14- 
hexamethyl-1 1 -[[3,4,6-trideoxy-3-(/7-butylmethyiarhino)-|3-D-xylo- 
hexopyranosyl]oxy]-6-aza-1 5-oxabicyclo[l 0.2. 1]pentadec-l 4-en-7-one; 
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[2Rt(2R*,3R V ,4R*,5R*,8R*,9S*J Of^ 1 R*,1. 2R*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 
methyl-a-L-ribo-hexopyrahosyl)o^^^ 2, 14- 

hexamethyl-1 1 -[[34,6-tridepxy-3-(nrpropy!rnethylam^ 
hexopyranosyl]oxy]6-aza-i 5-oxabicyclp[1 0.2. 1 Jpentadec- 1 4-en-7-one ; 
,[2R-(2R^3R>R^5R^8R^9S^^0S^1iR^^ 

methyte4.-ribcKhexopy 2, 1 4- 

hexamethyl-1 l-[[3,4,6-trideoxy-3-(^propylmethylaminoj-^D-xyib- " 

hexopyranosyl]oxy]-6raza-1 5-oxabicyclo[1 6.2.1 Jpentadec- 1 4-en-7-pne; and 

[2R^(2R^^4BV5^ 

rnethyl-a-L-ribo-hexopy^ 

hexamethyl-1 1 -pXs-trideo^ 

hexopyranpsyl]oxy^l-6-azar1 5-bxabiGy 

.as .well f£,p^arm,aceutical!x, a^pj^lf's^. the'ri»f. . * . 

Preferred compounds of the present invention include 

methyl-a-L-ribo-hexqpyranos^)6^ 
hexamethyi-i 1 -[[3,4,6-trtdeo^ 

aza-15-oxabicycl6[1 0.2.1 ]pehtadec-14-en-7-one ("erythromycin A lactam enol 
ether); . , 

r2B-^3^4^5a^8i^9£";i6£*,ii^^^^^ 

mettyl-a-L-ribo-hexopyranosyl)oxy^^ 
1 1 : [i3,4.6-trideoxy-3^(dimet 

oxabicyclo[10..2.1]pentadec:14-en"7-on© ("erythromycin B iactarn enol ether"); 
^B-(2B^3a*4^ 

methyl-a-L-nbo-hexo^ 0,1 2,14- 

hexamethyl-1 l-[[3,4.6-th*dep^ 

aza-1 5-oxabicyclo[1 0.2. 1 jpentadec- 1 4-en-7-one; 

[2B-(2B>a # .4B*,5a*.8B*.9S*,1 0fi*,1ltf.1 2B V )]-9-[(2,6-Didepxy-3-C-methyl-3-0- 
methyl-a-L-ribp-hexopyranosyl)oxyl-5-eth^ 2, 1 4- 

hexamethyl-1l4l3,4,6-trideoxy;3-(ethylm^ 
6-aza-15-oxabicyclo[1 0.2.1 Jpentadec- , . .. . .. 

14-en-7-one; 
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[W2B^\4B\5B*8B\9fi\ip 

methyl-a-L-ribo^ 2,14- 
hexamethy I- 1 1 -[[3,4,6-trideoxy-^ 

hexopyranosyl]6xy]-6-aza-l 5-oxabi : cycl6[Y0.2. 1 ]pentadec-1 4-eri-7-one bromide; 
[^-(2B^3a^^^5B^8B^95*, 1 pff,1 1B*. 1 2B*)]-9-[(2,6-Dideoxy-3-C-methyl^^^ 
methyl-d-L-ribo^hexopyranosyl)oxy]-^ 
heptamethyl-1 1 -[[3, 4,6-trideoxy-3-(dimethylami 
aza-1 5-pxabicyclo[l 0.2 .1 Jp^ntadec-1 4-eh-7-one; 
I [!2R.(2R*,3R*,4R*; $R^R^*4d6*i 1 ) R^l 2R*)]-9-[(2,4^^ 

P-meth^l-a-L^ 1 4- 

hexameihyl-11 -[(374,6^ 
aza-1 5:oxabicycl6[10.^ 

[2r-(2r^3^4r^sr^^ 

O-methyl-a-L-ribo-hexopyrano^ 
heptamethyl-1 1 -[[3.4,6-tHdeo^ 
aza-15-oxabicyclo[10.2.1]perrt^^^ and 

[2R-(2R^3R^4R^^^p^s"^ 

methyl-a L-nb^ 

hexamethylrl 1 -[[3,4,6-tfideq^ 

hexopYranosyl]oxy] : 6-a2a- 1 5-oxabi^clo[i6.2. 1 ]pentadec-1 4-en-7-one 
as well as pharmaceutical^ acceptable salts thereof. 

The following terms are used as defined belbw throughout this disclosure and 
in the appended claims: 

' The term "c^itpxylat©* as used I he^ 
? carboxylic acid such as acetfc, sUcdniC^ fUm^ric, palmitic, 

cholic, pamoic, music, p-glirtai^ glycolic, phthalic, tartaric, 

formic, lauric, stearic, salicylic, niethanesulfonic, benzenesulfonic, sorbic, picric, 
benzoic, cinnamic and like acids. t T ^ " 

Theierm "cyano-substl^jteti IcjweralkyP as tiseti herein refers to a loweralkyl 
group as defined below which has one Hydrogen atom replaced by a cyano 
substituent, as' for example" cyanomethyi of cyanoethyl . 

The term "halogen" refers to chloro (Ci), brbrrio (Bfj. fluoro (F) and iodo (I). 

The term "halo-substituted loweralkyr refers to a loweralkyl group as defined 
below which has one, two or three halogen substituents, as for example 
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fluoroethyl, difluoroethyl, chloromethyl, trifluoroethyl and the like. 

The term "hydroxy-substituted ipweralkyl" refers to a loweralkyl group as 
defined below which has one hydrogen atom replaced by a hydroxy substituent, as 
for example hydroxymethyl or hydroxyethyl. .. 

The term "loweralkanoyl" refers to a substituent of formula R 10 C(O)- wherein 
R 10 is hydrogen or a !oweralkyl ; group as defined below. 
... The term "Soweralkenyl" refers to straight or branched chain hydrocarbon 
. groupspontaining from two to six carbon atoms and possessing at (east one 
carbpp : carbpn double bond. Examples, of Joweralkenyj, groups include vinyl, allyl, 
2- or 3-butenyl, 2-,3- or. 4-pentenyl and^meric.-fojTns thereof,. The double bond(s) 
, can be in either tfcec/spr. the jra<^ c^nfjpi^on* ... .,. . . .,.->,..... 

The term ."loweralkyl" , refers tq branched or straight ch^ 
comprising one to^six-carbon, atoms, including, but not limited to, methyl,, ethyl, 
.... propyl, isopropyl, ,n-b.uty!, isobutyl, ^putyl, neppentyi and the like. 

- . The term "loweralkynyr, refers to hydrocarbon groups containjng from two to 
six carbon atoms and possessing at, 1^ 

Examples of Joweralkynyl groups lnclude ethynyi, prppargyl.and bufynyl. 

The term "lowej^yclpalkyl" , refers to cyclic hydrocarbons .having ttiree to six 

ring Carbpn atoms. ■< •. ; ./ wO-:;- ,B -.-':.• : • . , ♦>•,• 

The term "delayed gastric e 
evacuation of gastric .contents .ifrto <the smajyntestine not caused py. meqhanical 
obstruction of the gastric outlet. Patients with.seyere.gastric r^otpr dysfunction may 
be incapacitated from intractable nau.sea r ,vomiting and gastric stasis. This may 
, lead to fai|ure.4p thrive, in : a young, patient or to^ignificant weight, loss and 
...malnutrition in adults, {cf. ,"tytep^ne tor the Practicing Physidan, Second Edition", 
ed. J. Willis Hurst, Sutterwprth-Publis 1988, pages 1364-66, 

-. Theierm^gasfropai^s^refe^s..^). paralysis of the stomach. ,. 

The term "intestinal pseudoobstruction" refers to a condition characterized by 
constipation, colicky pain and I vomiting, but without evidence of organic obstruction 
apparent at laparotomy (abdominal surgery)., . ; ., 

The temL"paralytJc or adynamic ileus" refers to.obstmction of. the, intestines 
resulting from inhibition of bowel motility. <~ r ., . 

The term ,"reflux esophagitis" refers to inflammation pf.the .esophagus as a 
result of frequent or chronic backward or return flow of stomach contents into the 
.-esophagus. . ... - ... V ;.. 
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By "pharmaceutical^ acceptable salts" is meant those acid addition salts of 
the compounds of of formula (I ) which £ arei /within* the scope of sound medical 
judgement, suitable for use in contact Wrth the tissues of humans and lower 
animals without undue toxicity, irrttatiort, allergic response, and the like 
commensurate with a reasonable benefit/risk ratio, and which are effective for their 
intended use. 

Pharmaceutical^ acceptable salts are well known in the art . For example, S. 
: M Berge et aL describe phdrmaceutically salts in detail in J. Pharmaceutical 
Sciences, 1977, vbi. 66, pages T^tjfc ExarnpleiTof pharmaceutical!*/ acceptable, 
nontoxic add addition salts are s^ts^o^ inorganic acids 

such as hydrobhlbrib add, h^ acid; sulfuric acid and 

perchloric acid or with organic addsf such as acetic acid, oxalic acid, maleic acid, 
tartaric acid, citric acid, succinic add or matlbnic acid or by using other methods 
used in the art such as ion exchange? : CMheP^Hairmaceuticailly acceptable salts 
include nitrate, bisulfate, borate, formate, b6tyrate, valerate; 3-phenylpropionate, 
camphorate, adipate, benzoate, oleate, palmitate, stearate, laurate, lactate, 
fufiharate, ascorbate, aspartate, nicotinate. p-toluehesUlfonate, camphorsulf onate, 
methanesuifonate, ^ gluconate, glucdheptoriaie, 

lactobiohate, glycerophosphate, pectinate, lauryl sulfate, alginate, 
cydopentanepropionate, digluconate, dodecy (sulfate, ethanesulfonate, 
rtemisuifate, ' heptonarte, fiexanoate, 2*haphthalenesuifonate, pamoate, persulfate, 
pivaiate, propionate, uriddcknbate salts and the like, and may be prepared 
according tb conventions m metal 
salts iridOdd £odiiif^ "magnesium salts and the like. 

F^harrfiiaceiJticaliy -acc^|3tiiteld boiifit^dri^ salt 
compounds fbrrrteid when ft3 is pr£sehV include fralid£, hydroxide^ carbdxylate, 
sulfate, phosphate; nitrate; IbWeraikJri suffbriaite khd aiysulfbhafe: 

As used herein, the Mrm- "pha^aceutib^ means a non- 

toxic, inert 'k)iidr semi-isbiid' or • H^uid-fillerrdiiti'dnt/ encapsulating fhaterial or 
formulation auxiliary bf any type. Sbme'iexamples of materials which can serve as 
pharmaceutically acceptable carriers; are sugars such as lactose, glucose and 
sucrose; starches such as cbrn stafcH and potato starch; cellulose and its 
derivatives such as sodium carboxymethy^ cellulose, ethyl cellulose and cellulose 
acetate; powdered tratgacariih; malt; gelatin; talfc; exdpierits such as cocoa butter 
and suppository waxes; oils such as peanut bif, cottonseed oil, safflower oil, 
sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene glycol; 
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poiyols such as glycerin, sorbitol, rnanji|tol : and polyethylene. glycol;, esters such as 
ethyl oleate and ethyi laurate; agar; buffering agents such as magnesium 
hydroxide and aluminum hydroxide: alginic acid; pyrogen-free water; isotonic 
saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as 
other non-toxic compatible substances used in pharmaceutical formulations, 
i Wetting agents, emulsifiers and lubricants such as sodium lauryi sulfate and 

magnesium stearate. as well as coloring agents, releasing agents, coating agents, 
sweetening, flavoring and perfuming agents,, preservatives and antioxidants can 
also be present in the composition,; according to the judgement of the fprmulator. 

By a "th©rapeuticall^8ffectiye.amcunt" of a compound of the invention is 
meant a sufficient amount of the compound to treaty gastrointestinal disorder, at a 
reasonable benefit/risk ratio applicable tc- any raedicai treatment. .ft will be 
understood, however, that the totat daily usage of the compounds and ; 
r. compositions.of the present invention ,wiH be decided by the attending physician 
> within the scope of sound, medical- judgement.. The specific therapeutically effective 
dose level for any particular patient willsdapend upon a variety of factors including 
the disorder being treated and the severity of, v the disorder; activity of the specific 
compound employed; the specific composition employed; the age, body weight, 
genera! health, sex and;diet of the patient; the time of administration, route of 
administration, and rat® of excretion of.the specific compound employed; the 
duration of .the treatment; drugs used in combination or coincidental with the 
specific compound employed; iand like factoi^well knpwrun the medical arts. 

The total daily dose <pf- ths cpmpounds of thi^ to a 

human orather mamnial in singlf ©fin divided doses can be. in amounts, for 
. example, oHrom about 0,01 to about~25 < mg/kg,bpdy weight or, more usually, from 
about 0.1 to about 15 mg/kg body weighUSingle dose compositions may contain 
such amounts or subm&ltfples: thereof, as make up the daily dose., In general, 
treatment regimens according to th© ^present invention comprise administration to 
a patient in need of such treatment of from about 10 mg to about 1000 mg of the 
compound(s): of this invention per day ; in multiple doses or in a single dose. 

Liquid dosage forms; for oral, administration . may include pharmaceutical^ 
acceptable emulsions, microemulsipns, solutions, suspensions, syrups and elixirs 
containing inert diluents commonly used in . the art .such as water. .Such 
compositions may also comprise adjuvants such as wetting agents; emulsifying or 
■* suspending agents and sweetening, flavoring or perfuming agents. 

Injectable preparations, as for example sterile injectable aqueous or 
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oleaginous suspensions, may be formulated according to the known art using 
suitable dispersing or wetting agents" and suspending agents. The sterile 
injectable preparation may also* 'be a sterile injectable solution, suspension or 
emulsion rri a nontoxic parenteral^ acceptable diluent or solvent, as for example 
in solution in 1 ,3-butanedioL Among the acceptable vehicles and solvents that 
may be ernployed are water, Ringer's solution, U.S. P. and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally employed as a 
solvent or suspending medium. For this purpose: any bland fixed oil can be 
employed ihdtiCimg synthetic mono- or diglycerides. In addition, fatty acids such 
as oleic acid may be used in the 0rep&fati©n of injectables, : . 

v Thfe injectable fdrmulatio'ft can ti#st&rilfred,ras for example by filtration 
'through a barteria-tetairiing filter or by incorporate sterilizing agents in the form 
of sterile solid compositions which* ca^ water 
or oihef §tei^ use, ; r 

: In order to prolong the effect of a drug, it is often desirable to slow the 
absorption of d drijg : from subcutaneous ot intramuscular:injection. The most 
common way to acdbmplish this i^ to inject a suspension of crystalline or ^ 
amorphous matdriai with poor water solubility." The rate of atbsoiption of the 'drug 
; becomes dependent oh the rate of dissolution of the drug which is, in turn, 
dependent on the physical state of the drug; as for example; its crystal size and 
crystalline form. Another ; ^0roich to delaying absorption of a drug is to administer 
the dnJ^ is k sblufioh also be 

<? made by Tbrming microeapstil6 riiatriceis of drugs and biodegradable polymers 
such as ^iylactta^ ratio of drug to polymer and 

Ihrdbm^isftion of the ^6iyrner^h6 fcteSff drug release can be controlled. 
: 'Ekamples of othSrbiodegrid^le^pdlyntera fnibftjtie poly-orthoesters and 
v p&yMhhydrid &tsd be made by entrapping the drug in 

r Irposomes or niicroethulsiorts ? wfiidh Are compatible with body tissues. 
• ?C " /Vn ^diid ddsage forms -fof'draf adftiihistrafidn^may include capsules, tablets, pills, 
" powders; prills -* granules. Jn such solid dosage forms the active compound 
' v may r adrriixed with -at : f^foneMr^rt-<SI£ierit'9cicii as sucrose-, lactose or starch. 
Such dosage forms yma$ £ 6^-c6riiiili^?Bst& normal practice, additional 
substaindes other^han inWdiliients/e.g:, tabieting lubricants and other tableting 
aids such as magnesium stearate and macrocrystalline cellulose. In the case of 
capsules; tablets and pills, the dosage forms may also comprise buffering agents. 
Tablets and pills can additionally be prepared with enteric coatings and other 
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release-controlling coatings. . ,-, ,. ( ...... 

Solid compositions of a similar ;.type may also be employed as fillers in soft 
and hard-filled gelatin capsules using such exipients as lactose or milk sugar as 
well as high molecular weight polyethylene glycols and the like. 

The active compounds can also be combined in mipfo-encapsulated form with 
one or more excipients as noted above. . The solid dosage forms of tablets, 
dragees, capsules, piils", and granules can be prepared with coatings and shells 
such as enteric coatings and . other coatings well known in the pharmaceutical 
formulating art. They may optionally contain opacifying .agents and can also be of 
a composition that the/ re^^ oniy, or preferably, in a 

certain part of the intestinal tract, opilpnaJlyjn i. a. delayed manner .Examples of 
embedding compositions which can be used include polymeric substances and 
waxes. 

The compounds of the "present Invention may be synthesized by the reaction 
; schemes through. VII presented below, in which A and Rl-Rf correspond to the 
. . groups defined,with respect to fprmu.la.(j). However, it, should.be noted that, prior to 
ring cjosure and formationjOf a lactam, R? in., the following schemes is limited to 
hydrogen and -OH. Moreover, it .will be, observed that certain. schemes,, such as 
Scheme IA,. are, useful only, where R^ is ;OH, ; .,, ^ r 



-Erythromycin ,A ? or.C is treated with a : suttable rea ; gent for acetylatjng the 2'- 
hydroxyl group.-such as acetic, anhydride; or.acetyl chloride, in the. presence of a 
. suitable base, such, as triet^jamine,. ^ pyridine or.bMAp. The resulting 2^0-acetyl 
compound is T conyerted to.. .a ring-contracted compound of Formula 3 by treatment 
with an appropriate nonaqueous, acid, such as glacial acetic acid followed by 
treatment with .a suitable base,, preferably in a polar solvent, as for example 
treatment with potassium carbonate in DMF or ammonium acetate in methanol. 
Alternatively, compounds. of formula =7. are cpnyerted.directiy into the compounds 
of Formula 3 by the procedure described in Scheme 1A below. 

The compound of Formula 3, is, in turn, converted to the epoxide of Formula 4 
by treatment with bis[a,a-bis(trifluorbmethyl)ben2ene-methanolato]-diphenyl sulfur 
(Martin sulfurane)., Alternately the hydroxy group, on, carbon number 13 is activated 
by treatment with a suitable reagent, as for example methanesulfonyl chloride, and 
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the activated ester is displaced to form an epoxide upon treatment with a suitable 
base, as for example sodium or potassium hydroxide or sodium or potassium 
methoxide or fc-biitoxide, sodium or^pbtassium carbonate. The epoxide ring of the 
compound of Formula 4 is then opened to'form an azido alcohol of Formula 5 by 
treatment with a nucfeophilic hydrozoic acid derivative, such as sodium azide or 
potassium azide. The azido alcohol is, in turn, converted to an amino alcohol of 
Formula 10 by treatment with a suitable reducing agent, as for example by 
hydrdgenatidh in the presence of a c&taliyst such as Raney nickel, palladium on 
carfaori or platinum oxide, treatment with iihc in acetic acid, or treatment with 
lithium aiiumirium hydrideV The amino aFcohbl is cyclized to form a lactam of 
Formula IA by treatment with a suitable bkse in a suitable solvent such as 
ammonium hydroxide in metha^ (DBU) in 

^' toluene: " M 1 J> ' ' " ' ' ^' rt '"" : ' ' v " i; '- vv < ■' <" " :: - ■ ■ 

Scheme 1A 

According to scheme IA, whidh is the prefer 

1 cbmpoundis of Formula 11 , the cbm^bunds of Formula T are reafcx&f in a two-part 
procedure tb convert them into compounds of Formula 3. The compound of 
Formula 1 is first treated with a strong brgarilc abid, as for example acetic acid, 
dichloroacetic acid, difluoroacetic acid; trichloroacetic acid or glycolic acid in a 
polar organic solvent such as methanol, DMF or acetonitrile. The reaction 
intermediate is not isolated; ^ treated directly with a suitable base such as 
ammonium acetate or potassium carbonate in a suitable organic solvent, such as 

; methanol, DMFw 

reagertte are dicftbha;^^ carbonate in 

an dqubdife rnixture cbmpbuhds of Formula 3 

" arehhen converted to 1 6y the methods described above in 

reaction scheme T. Thekfe epoxides are sutreecfremly treated with an amine, as for 
example ammbril^ or ntethyfamirte the 
compounds of Formula' ft. More prefeVibfy, the compounds of Formula 4 are 
treated with k methanol icW^ - 

r " r - r: ' " !; - : r? '" Scheme If 

2' : 0-Acetyl erythromycin (A, B, C or D) is treated with a suitable reagent for 
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protecting the 4"-hydrpxyl group, such as benzyloxycarbonyl chloride, in the 
presence of a suitable base, such asdimethylaminopyridine. The reaction is 
carried out in an inert solvent such as methylene chloride and preferably at a low 
temperature, more preferably at -25°C, to afford a 2'-0-acety|-4"-0 ; 
benzyloxycarbonyl erythromycin derivative. This compound. is optionally treated 
with methanol to remove the acetyl group and is treated sequentially with a suitable 
. nonaqueous apid, such as glacial acetic acid, and a suitable base, such as 
. potassium carbonate in PMF or. ammonium acetate in methanol^ to afford a 
compound of Formula 6, A compound of Formula 6 is optionaljy treated with a 
suitable reagent for ra^ 

suitable oxidizing agent suchjas N^hlorpsuccinimide/dimethyl sujfidertriethylamine 
or tetraprapylammon^ 9« ve a 

ketone of Formula 7. If the acetyl group is present it is removed vyito methanol, and 
the protecting group on the 4"-hydroxyl group is removed (preferably by 
hydrogenolysis, if the protecting, group is CBZ) to give a compound of Formula 8. 

The ketone of Formula 8 is converted to an oxime of Formula 9 by treatment 
with hydroxy/amine in.the presence of a suitable base such as friethylamine. The 
oxime of Formula 9 is reduce<i I under surtable conditip as for example 4 
. atmospheres of hydrogen oyer a catajyst such as Raney.n 
of stereoisomers. of the amino compounds of Formula 7 ^jn. which the amino bond 
is shown as a wavy iine to represent J>oth steric,|»rientationsj. One isomer of the 
amino compound is cyclized to a lactam of Formula 1 1 by treatment with a suitable 
base in an appropriate solvents as .for example ammonium hydroxide in methanol 
or DBU in toluene. 

According to reaction scheme 1 1 \, an erythromycin iactam of Fprmula 7 7 is 
treated with iodine and light in the presence of a suitable base,, such as sodium 
acetate,. to afford a N-demethyi: derivative of Formula -7^ A compound of Formula 
12 is,, in turn, treated with a. suitable alkylating agent such as allyl bromide to afford 
. a compound of Fprmula 13.. Alternatively, a ; cqmpound, of Formula ,12 is treated 
with an appropriate aldehyde to give an imine which is reduced (preferably in situ) 
by hydrogenation in the presence ota suitable catalyst as for example, palladium 
on carbon, to afford a compound of Formula 73. . The compound^ of Formula 13 are 
treated with iodine and light in the presence of a suitable base, for example sodium 
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acetate, to afford the N-demethyl derivative of Formula 14. A compound of 
Formula 14 is, in turn, treated with a suitable alkylating agent such as allyl bromide 
to afford a compound of Formula 15. Alternatively, a compound of Formula 14 is 
treated with an appropriate aldehyde, as for example acetaldehyde, to give an 
imine which is reduced (preferably in situ) by hydrogenation in the presence of a 
suitable catalyst, as for example palladium on carbon, to afford a compound of 
Formula 15. 

Other alkylating agents which 
Formula 13 arid Formula 15 are loweralkyl halides such as ethyl bromide, halo- 
substituted loWeralkyl halides, cyano-substituted loweralkyl halides, hydroxy- 
substituted loweralkyl halides, other low as methylallyl 

chioride, loweralkyriyl Haidbs'sach^ pro^gyr "bromide, lower cycloalkyl halides, 
; lower cyclbalkylmethyf halides 6uch as IbW^r cyciopropylmethyl and benzyl 
halides."*'" " , " ' " y ' - 1 l>: *-- ' brr "' ■ ' Atr ' i - 

According to reaction scheme IV; an erythromycin lactam derivative of 
Formula 11 6f 15 is treated with an a ibweralkyl halide such as methyl iodide or 
ethyl bromide, a loweraikenyl halide such as aiiyi'brbmide, a loweraikynyl halide 
Such as prbpargyi bromide or a benzyl halidie ^uch as benzyl bromide to afford a 
5 ' quaternary salt deilva^jve'W^onTtola^Y^^'-- ' '•"''* y ' '" '' ''' ; ''''' " v 

: ' w "~ ? ' c " : ^ : Scheme " ' ; ' y y~ ; ; 

According to reaction scheme V, an erythromycin A orC lactam of Formula 11 
or 15 (wherein R5 and R 6 are both OH) is treated with a suitable carbonic acid 
derivative such as ethylene carbonate, carbonyl diimidazole or thiocarbonyl 
diimidazoie to afford a carbonate derivafive of Fbrmufa 1 ^Methods for preparing 
the Ibweralkanoyi'and ^0)2CH§ ? denVa^es-''i(eb : m^uHdS : of formula (I) wherein 
"■** R 5 or R 6 are loweralkanoyl and -S(0)2CH3) are well known in the art are, for 
example, are 'described by S/bmura and Z.itbh in European Application Number 
213,617, published November 3, 1987/ Alternatively, reaction of a suitably 
protected lactam of formula : 1 1 or 15 with a base, for example, sodium hydride, and 
an alkylating agent, such as methyl iodide, affords aikyl derivatives wherein R5 or 
R6 may be a loweraikyl group. 
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According to reaction scheme VI, an erythromycin lactam of Formula 11 is 
reduced by catalytic hydrogenation. using a suitable catalyst such as'platinum 
oxide in the presence of a suitable add such as difluoroacetic acid in a suitable 
solvent, preferably acetic acid, to afford the compounds of Formula 18. 

-•. ggheme VII 

According to reaction scheme VII, an erythromycin lactam of Formula 1 1 
(wherein Rf is OH) is treated with aqueous acid to afford a mixture of compounds 
which includes the compounds of Formulas 19 and 2C r The compounds of 
Formulas 19 and 20 (wherein Wavy lines indicate both stereoisomers are formed) 
are also formed in vivo when compounds of Formula i 1 are exposed to the addic 
conditions of the stomach. ^ ■ 

ScJjejDfi V»« 

According to Scheme VIII, the ring-contracted (epoxide compound of Formula 
4 is treated with a suitable reagent for acetylating the 2-hydroxyl group, such as 
acetic anhydride tir acetyl chloride, in the preserjce Qf a suitable base, such as 
triethylarriine, pyridine or DMAP. The compound of Formula 21 is converted to the 
\a 4"-deoxy compound by treatment with l.l'-lhioparbonyldiimidazole (Aldrich 
Chemical Co., Milwaukee, Wisconsin) in the presence of a suitable base such as 
triethylamine, pyridine or DMAP C Jhe compound of Formula 21 is in turn treated 
with a selective reducing agent, as lop example tri-n-butyl tin hydride and AIBN 
(2,2'-azobis(2-methylprb^ in an inert atmosphere 

to give the 4"-deoxy compound- of Formula 23. This compound is then treated with 
an appropriate amine, such as ammonia or methylamine, and preferrably in a polar 
solvent, to afford the desired-4"-deoxy lactams (compounds 24 and 25). These 
compounds may optionally be further modified by the reactions described in the 
previous Schemes lll-VII, substituting the compounds of Formula 24 or 25 for 
compounds of Formula 1 1. 
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Scheme V ... 
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Scheme YIU 




The foregoing may be better understood by reference to the following 
examples, which are provided for illustration only and are not intended as a 
limitation of the invention. 
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\2R-(2R' „flR* 4R* ff p * QR*Vnsri1R\l2R')]-Q-f^ R-ntriP QX v-3-C-methvl-3-Q- 

mft thy |-"-f -rfnft- ho ™py ran ^^ 

aza.i 5-oxabiryHoJI 0.2. 1 loentariec-1 4-eri-7-one 

Step 1 ; a'-O-AftQtylgrythrnmvcin A- . - V ... ; , ; 

Erythromycin A (50 P g , 6&1, mmol) (commercially available from Abbott 
Laboratories)' was dissolved in^OOjiiL bi methylene chloride (CH2CI2) at ambient 
temperature. ; Triethylamine (20 mL) . an0 V6, mL (1 0.82 : g, 1.06 mmol) of acetic 
anhydride were added to this soJytion r "l The reaction' ^mixture was heated to reflux 
and *1Q.amL of QHzQ\2 was distilled from jhe reartion mixture to rempye any traces 
of water The reaction, mixture was s he#ed at reflux temperature for an additional 
five, hours. After six hours, when the reaction, was, complete, according to TLC 
analysis, the reaction mixture, was ^ .Pooled to ambient temperature and transferred 
to a separatory tunnel, the with '300 ml_'of 

ammonium hydroxide/sodium biparopnate splutip 2.9% ammonia and 

1 .8% sodium bicarbonate, dried Qver^ and filtered. The 

CH2CI2 was removed using a rotary evaporator with: a water bath temperature of 
30-40°C. The residue was crystallized from 200 mL of acetbnitrile (CH3CN) by first 
dissolving it in hot CH3CN andallowing the spjutipn to stand pyernight at ambient 
temperature, then cooling it to : ?5°C^ 24 hours. 

-The product was, isolated as ^ wa^e^wjth <£ipL(-25°C) 

CH3CN and dried in a vacuum pyen Tne 2 '-°- 

acetylerythromycin A was^obtalned jri 8^y^%(4i3^i'-g)..' ? . ^ ; 

^-O-Acetyierythromycin A (20 g, 25.8, mmol) from Step 1 ; was .dissolved in 1 1 5 
mL of. glacial acetic acid. The resultant solution was. stirred at ambient temperature 
for 2 hours. .The acetic acid was removed in vacue?.,. The .complete removal of the 
acetic acid was accomplished by azeotropic disti.llation with toluene.. The residue 
was dissolved in 200 mL of ethyl acetate. and was washed with. a mixture of 100 mL 
of 5% aqueous sodium bicarbonate solution and 10 mL of concentrated aqueous 
ammonium hydroxide solution. The aqueous layer was extracted with 3 X 100 mL 
of ethyl acetate. The combined ethyl acetate layers were washed with 200 mL of 
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brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
The residue (19.67 g) was Crystallized from ethyl acetate to give 13.54 g (69 % 
yield) of the title compound: DCI-NH3 MS M/Z: 758 (M+H)+. 

SteD3:Wur2Rr3R^lR/.^^^^ 

3-O.Memyl-tt-L-ribo-here^^ 1 .2-dihvdroxv-l •methvlbutvn- 

2.6.8.1 Q.i 2-pe>htame s rhyi-9-[f 3.4 (5-tridQoyv.3-rd}methvlaminQ^p-D-xvtQ- 
hexoDvranosvlloxvl-4. 1 3-dtoxabicvclof 8.2. 1 ftridec-1 2-en-5-one 

2 , -0-Acetyl-8.9-didehydro-9-deox6 i 6-deoxy-6,9-epoxyerythromycin A (5.75 g, 
7.6 rtimol) from Step 1 Was dissolved in 35 mL of anhydrous N,N- 
dimethylformamide (DMF). Solid anhydrous potassium carbonate was finely 
powdered and added to the resultant solution. The suspension was stirred at 
ambient temperature for 3 days. The reaction mixture' was diluted with ice-water 
(100 mL) and was extracted with ethyl acetate (i X 150 mL arid 3 X 50 mL). The 
combined ethyl acetate layers Were Washed with 1 00 mL of brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo, the residue (7.03 g) 
was chromatographed on 1 50 g of silica gel eluted with toluene:methanol (10:1). 
The residue was dissolved in methanol and the solution was left overnight at 
ambient temperature to cleave the acetyl group. The solution was concentrated in 
vacuo to jgive i.56g (29% yield) d'f the title impound; i'R (0.15% in CCI4) 3600, 

\^'355oWi720;cm-i; : '; 'ff'^; ' l * y ;;f ' : • ■ 

3-d-m^hvl^L.ribo:hQx^^fesvnoxv^3.M /2^pQxv-f ^methvlbutvlii-2 6 8.1 Q.1 2- 

4,i3-diQxabicyclg[S.2.i jtride^-i2^n-5'-Qrie ; J "' " < :-»-. 

[2B-[2B\3B^1fi^E^B*7S^^ 
0-methyl-a-L-ribo-hexopyranosyl)oxy]-3-(1 ,2-dihydroxy-1 -methylbutyl)-2,6,8, 10,12- 
pentarnethyl-9^ 

""'* 4^1 3^dxabicyc1d[8 n .2^1']tn*dec>'1 a-en-S-dnd'itO'.S g'T ! 0.7 mmoi) from Step 3 was 
dissolved in 1 mL of dry methylene chloride" and the i resultant solution was added 
dropwise to a stirred solUtiori of 6:94 g (1^ 

bis(trifluorbmethy^ (Martin sulfurane; 

commercially available from Aldrich Chemical Company) in i riiL of dry methylene 
Chloride. The reaction mixture was stirred for 45 miriut'S and then poured into a 
separatory funnel cbhtaining 30 ml of ethyl acetate. Aqueous 5% sodium 
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bicarbonate solution (30 mL) was added; until the pH of the solution was neutral. 
The ethyl acetate layer was separatsd-and the aqueous mixture was extracted with 
3X10 mL of ethy! acetate. The combined; ethyl acetate layers were washed with 

- brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to a 
yellow oil. The residue, was chrcmatographed on approximately 50 g of silica gel 
eluted sequentially with 2 L of .toluene/acetone (5:1 ),,2,125 m L of toluene/methanol 
(1 0;1 > and 1500 mL of toluene/methan.ol (5:2) to give 0.5 g of the title compound; 

- DCI .NH3 MS M/Z: 698 (M+W)*: JR $.15% in,CQl4) 3555 and 1725 cm: 1 . 

.Qt ft pS ; f2R.r2R *3R*nR\2R ; ^B\7^^^ 
methylhiitvlK7.ff2.6-dideo ^^^^^ 

rr.fi Mft.1? nftntnmrfhYl-fHH 4 ^ri^^-^m^h y ^m\n Q \.R.D.^\o- 

hftYnnvranosvnoy yl-^ 13-rii 0 xahifivclofB.2.11tridftC-1 2-en-5-one 

r^I2a*,3H*{^25*),6a^,7Sc.S2*.9E *,1 OH^-Z-I/^^-DideoxyrS-C-methyl-S- 
0-me!hyl<t-L-ribo-hexopy/ano^ 0,1 2- 

. . . , pentameJhyl-9-[[3.4,6-trideop^^^ 

4,1 3<ltoxabi^oCa.2v1]trWect1 2rpn^n^ (14.19 g, i 20.?..mmol), from Step 4, was 
■dissolved^ 350 mL of ^methqxysthanqi.;^ this solution, with stirring, was added 
a solution of -10.6 g-(0^163 ramp!) of sodium azide, and 0.853 g (0.16 mmol) of 
ammonium chloride in 141 raLpf v?^i©r. The. reaction mixture was heated at reflux 
temperature for 5 days. The reactiqa mixture was transferred to jaseparatory funnel 
and 200 mL of ,5% aqueous sodium ibicarbpnate was added, . The mixture was 
.^xti^ed-y^/20a/nL of methylene chjQride ^ followed by 2X1 00 mL of -methylene 
v. % chloride. The cQmbinediOrgajiiqJaye^ were washed with brine, dried over 
, anhydrous sqcfium/sul^e e ^r^;and concentered in vacuo t o a. yellow oil. The 
oU was^chromatographed: on approximately 500 g of silica gel eluted with 
chloroform/methanol/ammonia (10:1 : 0.0125) to give 8.5 g (57% : yield) of the title 
compound as a yellow glass; DCI NH3 MS M/Z: 741 (M+H)+; IR (0.15% in CCI4) 
3590, 3548, 3470, 2110 and 1735 .em* 1 . 

. . Step 6: f2R-r2R*,3fl^M"R*.2B*i^^ZS*^^*^B*JitB^ HilVdrPXV-1 - 

' methvlbutvn-7*r re^^^ 
ZA3A 0 1 P-PftntametWi-g^ 

hflyQpvranosvnox y l-4.13-diox3bjcvclcf8^JLlt ridjiCil 2-gn-5 

[2B-[2B*,3B*(1E*,2E*).6fi i .7S*.8S # .9B*.10B*]]-3-(2-A2ido-1-hydroxy-1- 
methylbutyl)-7-[(2,6-dideoxy-3-C-methyl-3-0-methyl-a-L-ribo-hexopyranosyl)oxy]- 
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2,6,8,1 0,12-pe ntamethyl-9-[[3,4,6-trideoxy-3-(dimethylamino)-p-D-xylo- 
hexopyranosyl]oxy]-4,13-dioxabicyci6[8.2.l3tridec-l2-en-5-one (1 g; 1.35 mmol) 
from Step 5, 4.5 g of Raney nickel and^OO mL of methanol were combined under 
4 atmospheres of hydrogen arid the mixture was shaken at ambient temperature for 
24-hours. The catalyst was removed by filtration- a'nd the filtrate concentrated under 
reduced pressure to a light-green glass. The glass (1 .08 g) was dissolved in 100 
ml of methylene chloride'' and washed with 100 mL of 5% aqueous sodium 
bicarbonate. The aqueous layer was extracted with 3 X 50 mL of methylene 
chloride. The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo to 880 mg (91% 
yield) of the title compound,' DG! NH3. MS ti/Zi.ii 5 (M*H)+; iR;(0.1 5% in CCI4) 
3595, 3548, 3470; and 1725 cm v 1i Analysis calcuSated for C37H66N2O1 1 : C, 
62:16; H, 9.31 ; Hi- SiSk ¥6uM:-tMX&&&2i ;'Np3;S2; ^ 

St^ . 
rTfethvl-3-O-methvl-^^ 

hexoavranosvlloxvT-6-aza.l 5-oxabicvclo f-TtEg. 1 ^pantaaaCI 4*ftn.7.nno 

[2B-{2B^3B*(iE^2E*).6B*.7a"8S19fi^r0B*3]-3-(^ 
methylbutyl)-7-{(2 I 6-djdebxy-3-C-methyf-3-^ 
216,8,10V1 2^pentamethy^ 

hexbpyranbsyl]oxyH;i3^fbxa£^ 1.1 mmol) 

: was dissolved m 88 ml of methanol. Ammonium hydroxide (8.5 hiL) was added 
and the reaction mixture was^stlhecJ at ambient temperature for 24 hours. The 
sblv'eW was removecf in 9aWo. S( Methylene chloride ^was added to and evaporated 
from the residue twice to rernove residual water affordihgWO nig i (95%V«eld) of the 
title compound; DCI NH3 MS M/Z: 715 (M+H)+; 1R (0.15% in CCI4) 3560, 3442, 
" f 3358^1703 and 1660 cW*. > rc '- ; ,r ■ 

Example 1 A ' ' ; • • 

Alternate preparation of 

methvl-o^L-ribo-hex 
hexamethvl-l4-fr3*&^ 

^^xaMevdoflO^ ■1jpehtadec-14-en-7-one 
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.q.n-methvi-a-L-riho-h6xoDYrqnnsvnoxvV3-n 2-dihvdroxv-1 -methvlPutYl)- 
p R fl 1 n.l2-Dentamethvl-a^3.4^ 

hftynpvranosvHQyy]-4.13-riinyahicvclor' fl it M1tridec-1?-en-5-one (the Product Of Step 
3nf Fyample 11 

Erythromycin A (100 g, 136.25 mmol) was dissolved in 1 L of methanol and 
62.5 mL (1090 mmol. 8 equivalents) of glacial acetic "acid, was added. The reaction 
mixture was heated to. reflux and refluxed for 4.25 hours. The reaction mixture was 
then cooled in an: ice bath an^ over a 

15 minute period, 73.5 mL (1090 mmol, 8 equivalents) of concentrated ammonium 
hydroxide. The reaction mixture was then brought to reflux, and refluxed for 24 
hours. After keeping the. reaction mix|u>e at 25°C overnight, itw^ctfncentrated to 
a solid mass under reduced pressure using a water bath at 55*6," The residue was 
taken up in, a mixture of 500 .mL^.e^''ac€rtafe,';4dp mL'of water _and H<fo mL of 
concentrated ammonium hydroxide. Afterstirring for approximatery 20 min, the 
ethyl acetate layer was Separated and .the ; aqueous; lay<ar was extracted with 250 
mL of ethyl acetate. The combined ethy) acetate^ solution was washed with 2 X 350 
.mL of brine and 2 X 350, mL of water, dried over ajifiydrous sodium sulfate, filtered 
and concentrated to dryness. The residue was dried at 25°C (i mm Hg) for 1 8 
hours to afford 93.1 g of the crgd^ product .jjiecr^e |^uct..was tfssolved in 
300 mL of acetonitrile and allowed to crystajjjze (4 hours at :. ambient temperature 
and approximately 65^houre at dried at 65 6 C (over 

P?P5) «n ; a vacuum oven to give 54!2 g of the title compound, irnip. 1 25-1 30°C. 

> 3^Q=mfitbMi«^^ 

/pentamethyl-9-^ 

4 i3-dinxabicvciof 8 7 1 ltririec-1 2-en-5TQne , 

, O-methyl-aTL-ribo-hexopyrenpsyl joxy]-3-(1 ,2-dihydrqxy-l -methylbuty l)-2,6,8, 10,12- 
pentamethyl-9-[[3 ! 4 I 6-trideo'xy-3-(dimetM 

4,13-dioxabicyclo[8.2.13tridec-12ren-5:One (0.5 g, ,0.7 mmol) from Step 1 was 
dissolved in 1 mL of dry.methylene chloride and the. resultant solution was added 
dropwise to a stirred solution of 0.94 g.(1,4.mmol) of bis[a.a- 
bis(trifluoromethyl)benzene J methano!ato]-diphenyls.ulfur (Martin sulfurane; 
commercially available from Aldrich Chemical Company) in 1 mL of methylene 
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chloride. The reaction mixture was stirred for 45 minutes and then poured into a 
separate ry funnel containing 30 mfc 6f ethyl acetate. Aqueous 5 /o sodium 
bicarbonate solution (30 mL) was added until the pH of the solution was neutral. 
The ethyl acetate layer was separated and the aqueous mixture was extracted with 
3 X 10 mL of ethyl acetate. The combined ethyl acetate layers were washed with 
brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to a 
yellow oil. The residue was chromatographed on approximately 50 g of silica gel 
eluted sequentially with 2 L of toluene/acetone (5:1), 2,125 : mL of toluene/methanol 
(1 6:1 ) and 1 500 mL of toluene/methanol (5:2) to give 0:5 g of the title compound; 
bdl NH3 MS M/Z: 698 (M+H)+f IR (0.1 5& : in OCI4) 3555 and ■> 172* cm' 1 . 

; ^ 

mathyi-3-Q-methyi:.n^ 

nexopvranoWHoxy]-6.a?a-^5-ox4bicyib tl0^.1lpentadec^4wQh^7-bne 

6-methyl-a-L-ribb-hexopy^ 
pentamethyl-9-[[3,43-tridebxy-3-(drmethyiami 

4,13^dioxabicyc^ 2.87 mmbl), from Step 2, was 

dissolved In 16 mL of methanol, in a heavy-walled glass reaction tube. To the 
resultant solution was 1 added 4.0 mL of concentrated ammonium hydroxide (59.2 
mmql ammonia, , 20fe equivalents). The tube t waW sealed witfr a Teftbn<S> "O" ring- 
type-screw plug/ the feactloft mixture was then heated to 90 : 92°C in an oil bath, 
the progress of the reacton was followed by HPLC usibg a YMC reverse phase R- 
ODS-7 HPLC column eluted at 1 .00 mL/minute with 60% aqueous methanol 
;cb;ri^nlng''^ > 9yL' of ammonium acetate itifyw&U i --2S , mii& glacial abetic acid and 
~ , SO mL/L of tetfahydrbf drain. After 6 days, the rbactibh mixture was cooled to 
ariibienf tempefature and then diluted with 256^imL of 8% aqueous sodium 
bicarbonate solution. The pH of the Ablution Was brought to 10 by the addition of 
10 mL qfbqn^ 

with 3 X 50 mL portions of chlbrqfbrmf The combined chloroform extracts were 
washed with 50 mL of a 1 :1 solution of 8% aquebus sodium bicarbonate and brine, 
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo in a water 
bath at 45°C. The residue was dried at 25°C under vacuum for 3 hours to give 
2.277 g of crude product. A column of silica gel (100 g), which had been washed 
With 1 L of 40% methanol in acetoinitriie containing 2% concentrated ammonium 
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hydroxide and 1 L of 0.1 % concentrated ammonium hydroxide in acetonitrile, was 
equilibrated with 0.5 L of the ejuent; 10% acetonitrile in chloroform containing 3.0% 
methanol and 0.3% concentrated ammonium hydroxide. The crude product was 
then chromatographed, eluting at 2.5 mL/minute. The fractions containing the 
desired product were combined and concentrated in vacuo in a water bath at 45°C. 
The residue was dissolved in 50 mL of methanol and the resultant solution was 
filtered and concentrated in vacuo to give, after drying in vacuo at 25°C for 3 days, 
1.752 g (85.4% yield) of the,titie compound. A sample was crystallized from 
acetonitrile at -25°C to give needle-like crystals, m.p. 152-156 y C after drying at 1 

Torr/lpTO^ 

m&hjd^i^ife^^ 

hexamethvHHp^6^rid^ 

aga4&^xj^c|9[l 0.2.1 lpentgd^ec-1 4;gn>7-Qn9 

Stop 1 ; g'.0-Acetvl-4"-0-benzvloxYcarbonvl erythromvcin A 

2Np-Acetyler#hromycin A, (30 g, 38.6. mmol), the, product of Step 1 of Example 
1 , was dissolved. iri l 50 m L otmfi^ni.ci|oH&;'. ttmej^yl^^nop^rlcline (1 8.3 g, 
/ 149 8 mmol). was -added .^incl ^^..sbludon I«a^e5^ _"^.r4P*0'.in .an/s^setonitri le/dry 
Jce bath. : Benzylox^carbonyj ~ptM$rfdi9.TC? $3.- "CM - ,1 ?f'?cKJ "^*? ie added and the 
solution was stirred at -40*C until a gel formedr After keeping trie reaction mixture 
at -25°C for 3 days, the mixture was poured into a^separatory funnel arid was 
washed with phosphate buffer (pH 5.0): The organic layer was washed with 5% 
aqueous sodium bicarbonate, .The aqueous sodium, bicarbonate layer was 
extracted with methylene chloride. The combined organic layers were washed with 
; brine, dried, over anhydrous sodium sulfate, filtered and cpnqentrated to an off- 
white glass. The glass was recrystaliized from acetonitrile to give 21.39 g (61% 
yield) of the title compound; DCI NH3 MS M/Z: 91 0. ; 

Step 2: 2'-0-Acetvl-4"-0-bsn2vloxvca rbonvlr8.9-didehvdro-9-deoxo-6-deQxv-6.9- 
epoxYerythromvcin A , . : 

2*-0-Acetyl-4"-0-benzyloxycarbonylerythromycin A (21.29 g,23:37 mmol), 
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from Step 1 , was dissolved in 11 5 mL of glacial acetic acid and the resultant 
solution was stirred at ambient temperature for 2 hours. The acetic acid Was 
azeptropicaily removed in vacuo using toluene. The residue was dissolved in 500 
mL of ethyl acetate and the ethyl acetate solution was washed with a mixture of 300 
; mL of 5% aqueous sodium bicarbonate solution and 10 mL of ammonium 
hydroxide. The aqueous layer was extracted with 100 mL Of ethyl acetate. The 
combined organic layers were washed with brine, dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo to give 1 9.39 g (93% yield) of the title 
''compbi^^as-a^White glass; OCI tiH3 MS M/2: 892. _ r 

- ■ -• ■- - ' -; - / f . . "., l \ i r : 

Step 3- fgR-f2R*3R*M R*2R\6R*7S^^^ 

trid,eo^y-3^(dimfithylaminQ)-p > ^^ 

benzylQX7carbQnyl-2.6-dideQxy-3-Crmmhyl-3-0-methYl-a-L-rlbo- 

hexoDvranosyUoxy]-3-M .2-clihvdroxv-1 -methvlbutvn-2.6.8. 1 0. 1 2-pentamethvt-4.1 3- 

, dioxabicyclQ[8,g.1ltridec-12-en-5-Qn9 

Following the procedures described in Step 3 of Example 1 , and purifying the 
product by chromatography on silica gel eiuted with toluene/acetone (5:1) followed 
by toluene/acetone (1 6:3), 5.3 g (5l95 mrnoi) of the product of Step 2 above was 
treated with potassium carbonate in DMF to give 1.46 g (28% yield) of the title 
compound; DCI NH3 MS M/Z: 892; IR (5% in CDCI3) 3595, 3560 and 1740 cm*1 . 

'/dim&thffi^ 

di ^ e ?y -3^4nef hvi.3^nS^v^ >rihftwhex6bv>^6svftoxvT-3-ri -Hydroxy- 1 - 
mefrjyl-2-o^b^ 

S-qne, -. - yy- • ■ 

^N^hiorbsuccinihiidie ^0.57g, 4j27 mnidp was dissolved in 5.05 mL of toluene 
and the resultant solution was cooled to -l 6*C. Dimethyl sulfide- (6;41 mL, 5.58 
mmbl) was addad and trie solution was stirred at -i 6°C for 20 minutes. A solution 
bfJ2B-^ 
(dimefiiyiaTtJmo^ 
dfdebxy-^C-mathyi-3-'0- 

methylbutyl)-2,6,8, 1 0, 1 2-pentamethyl-4, 1 3-dioxabicyclo[8.2:i ]tridec-1 2-en-5-one 
(0.5 g, 0.56 mmol), from Step 3, in 1.28 mL of toluene was added and the reaction 
mixture was stirred i af -40°C for 3.5 hours: the reaction was then quenched by the 
addition of triethylamine and the reaction mixture was transferred to a separatory 



BNSDOCID: <WO 9218134A1_I_> 



WO 92/18134 



-36- 



PCT/US92/02590 



funnel and a 5% aqueous sodium bicarbonate solution was added. The aqueous 

"layerwas extractedwith 4 X SOmLof toluene and once with-50 nriL of methylene 

chloride. The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo to give 0.455 g (91 % 
yield) of the title compound; 06l NH3 MS M/Z: 890; IR (5% in CDCI3) 3540 and 

1746cm- 1 ;. '.. ; .. .. / ' .. . r 

Steo S: r2R-f2R* .3R7 1 SAM^ZSASS^j^^ 
0-methvi-«-» .rihn-hflynpvran^ ^ 
PfVfMOIg-penta methyig-rr:^ 

heYop yranbsviloyvj -4: 1 3^o*abTcffi^ . ' ' [ 

(dimetnyla^irib^ 
dideqxy-3-C-metriyi-^ 
>eihyh2^^ 

5-one (3.57 g, 4I02 ,mmpl), jfrpm Step A, was dissoived in 200 mL of methanol. To 
this solutibn was, added 3.57 g plld% palladium on carbon. The reaction mixture 
was shaken at ambient temperature under 4 atmospheres of hydrogen for 24 
hours. The catalyst was rempyed by fiftration 'arid I the filtrate was concentrated in 
vacuo. The residue (^5 gy was^ The 
methylene chjorWe ispiutSpri 

bicarbonate. The aqueous .wash was extracted"with 3 yt§Q mL of methylene 
chloride. The combined organic layers were washed with brine, dried over 
anhydrous so^ g (70% 

yield) of the title comp^rid;i^B 'fcfel^^itMif^f*?. V 

Step 6: fgR^gR^WieR^TS^^ 

n-mothy»-rr-i -rihn-hftynnvranpsvhoxvl-3-n -hvdroxv-1 -methvl-2-oximidobutvl)- 
2 6.8.1Q.l2-pentame thvl-Q-ff3:4:1sItrideoxv-3-f^^ 
hexopvranos ynoxyl-4.13^i9yahir.yrlpf8,2 Htridec-1 2-en-5-one . r . 

[2fi-[2B*,3fi*(1S*) 6fi^7S* 8S*,9B* 
methyl-a-L-ribo.^ 
2,6,8, 1 0, 1 2-pentamethyi-9-[(3,4,6-tri 

hexopyranosyl]oxyl-4,13-dibxabic^ (0.5 g, 0.7 mmol), 

from Step 5, was dissolved in 10 mL of ethyl alcohol. To this solution was added 
0.39 g (6.05 mmol) of hydroxylamine hydrochloride and 0.6 mL (4.23 mmol) of 



BNSOOCID: <WO 921813*A1.I_> 



WO 92/18134 



-37- 



PCT/US92/02590 



.triethylarnine. The reaction mixture was heated at reflux temperature for 84 hours. 
The reaction mixture was allowed to cool to ambient temperature and then it was 
poured into a separatory funnel along with 200 mL of methylene chloride and 
washed with 100 mL of 5% aqueous sodium bicarbonate. The aqueous layer was 
extracted with 2 X 50 mL of methylene chloride, washed with brine, dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue (200 
mg out of total of 410 mg) was chromatographed on 50 g of silica gel eluted with 
chlprofprm/methanol/ammonia (10;1:0-015) to give 77.8 mg of the title compound; 
/ ^ and 1733 cnr 1 ; - 

Step7: f2R-/2R*^ 
methyl : 3^meifo 
2.4.8.10 12.1 4^hflxfl^fo^ 

hexopyranosvl]oxy]-6-aza-1 5-oxabicyciofl 0-2. 1 ]peritadec-1 4-en-7-one 

A mixture of 1 00 mg (0.137 mmoi) of [2^2B*^B*(ijB*). 6ff , 7£*; 8£*. 9B* . 
1 0B*]]-7-[(2,8<lideoxy-3-C-memyl-3-^meth - 
hydroxy- 1 methyl-2-qximidobutyl)-2.6.8.1 0,1 2-pentani©thyl-9-[[3;4,6-tri 
(dimethylamino)-B-D-xyio-hexbpyra 3-dioxabicyclo(8.2. 1 ]tridec-1 2-en- 

5-one, 0.56 g of Rariey nickel and 10 mL of ammonia in 90 mL of methanol was 
shaken at ambient temperature under 4 atmospheres of hydrogen for 24 hours. 
The catalyst was removed by filtration and the filtrate was concentrated in vacuo to 
a foam. The foam was dissolved in 50 mL of methylene chloride arid washed with 
30 mL of 5% aqueous sodium bicaroonafe. The aqueous layer was extracted with 
3 X 25 mL of methylene "chloride. "..The comjbmed prgariic layers were washed with 
brine, dried over anhydrous spdium sulfate, filtered and concentrated in vacuo to 
give 99.8 mg of the title compound- 'l^k&flAAVtfMi? fo/Z: 715 i (M+Hj+; IR (0.15% 
in CCI4) 3560, 344Q, 3355 v 1703 and 1660 .cm: 1 ,. 

[2R-r2R*;^ V :4S^5R':igRSs'. 1 0S*:i 2R ^-9-f [ 2.6*Pideoxv-3-C-methv[-3-Q- 
methvl-tt-L-ribofoxopyra^ 10:12.1 4-hexamethvl- 

lH{3.4.6-trideo)^ 

oxabicvclo(l6.2 l jpftntadec-14-en-7-one 

Step 1 ; g-Q-Acetylerythrpmycin B 
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Following the. procedures. described in Step 1 of Example 1, replacing 
erythromycin A with erythromycin B, the title compound was prepared. 

Step 2: 2'-0-Acetv>-4"-0-ben^vloxvc arfaonvlervthromvcin B 

A mixture of 30.60 g (40.264 mmol) of 2VO-acetyleryth^omycin. B and 15.00 g 
(122.78 mmol) of dimethylaminopyridine (DMAP) was dissolved in 75 mL of 
methylene chloride. The resultant solution was cooled to : 25°d in a dry ice/CCU 

. bath. Benzylchloroformate (11.5 mL c 56741 mmol) was.added and the mixture was 
stored at 25°C overnight. TLC analysis indicated incomplete reaction, therefore, 
DMAP (7.5, g) and ben^lchlproformat© (6 mL) were added and the mixture stirred 
, at -25?C,foc,6 hours. The reaction mixture was then diluted with 400 mL of ethyl 
acetate and, was washed sefluent^iiy with 2 k 100 mL of 4% aqueous sodium 
bicarbonate,,1 00 mL of brine, 3 X l Op inL Qf 1 Q% aqueous potassium dihydrogen 

. phosphate/" brine (4:1 ), 100 f: mL, of brine and 100 mL of 4% aqueous sodium 
bicarbonate solution. The et^yl acetate solution was dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo to a semi-solid glass. The residue 
(45.14 g£was triturated [ with 300 mL of heptane to give 33.44 g (93% yield) of the 
.title compound. . . • , 

Step-3: EB^ ^ti&J&'j^^ 

g.6-dtdeoy y-a.n-methvl-3-0-methvl-ft-t -riho-hexonvra nosvhoxvl T 3-f 2-hvdroxv-1 - 
m e thyibutvh -g.6.8.io.i2-npnt a meth V i-9-rr3.4.6-trideoxv-3-fdimethvlamino)-B^ 
xvio-hQxopvranQsvpoxv^4,i 3^oxabicvc,lof8.2. 1 ftridec-1 2-gte5-one ., 
T iv&AceWM^ mmol) 
was dissolved in:25q,mL,of^ethan to stand at 

25°C for 3 days, GlaciaL '^^S^^^^^^m^ was added and the 
resultant mixture was ; bea^ 48 hours. The reaction was 

then rooted, to. ambient temperature and 6,41. mL (94.92- mmol) of concentrated 
ammon,i.umc hydroxide was s added. The, reaction mixture was heated at reflux 
temperature, for 9 days. The.reaction mixture was concentrated to 25 mL and then 
diluted with 300 mL of 4% aqueous sodium bicarbonate. .The aqueous mixture 
was extracted withj X .100 mL. of chloroform fonowved,.by.2 X 50 mL of chloroform. 
. : The combined organic extracts were washed with 100jnL of, 4% aqueous sodium 
bicarbonate, dried over anhydrous sodium sulfate., filtered and concentrated in 
vacuo. Acetonitrile was added. to the jresjdue to azeptropically remove residual 
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chloroform and water and evaporated under reduced pressure to give 8.91 g of the 
title compound which was taken on to the next step without purification. 

Step 4: f2R.fgR*3S*M S*.gR*VeR*.7S*.8S > .9R*.10R > l1-9-rr2-O-Acetv|.3.4.S. 
tridaoxv-3WdimethvlaminoWa-^ 

ben?yloxvcarbonvl-2.6-dideoxv-3-C-methvi-3-Q-methvl-a-L-rib6- 
hexopvrah^ 

dioxabicyclof8.'2. 1 ?tridec-i2-en-5-one 

^2^l^\^(^\^\6B^^y^JdB\l 0B*]]-7 i -[(4-O-Ben2yloxycarbonyl- 
2,6-d^debxy-3-C- methy!-3-0-memy>^ 1 - 

methylbutyl)-2; 6,63 6, 1 2-pebtamet^ 

xylo-hexopyrariosyl]dxy]-4t Jtridec-1 2-en-5-on© (8.84 g, 

1 6.599 mmoO, from Step 3, was dissolved in 1 75 mi of methylene chloride. Acetic 
anhydride (3.5 mL) and triethylamfne (9 mL) were added and the reaction mixture 
was allowed to stand at ambient terriperature for 2.5 days. The reaction mixture 
" was concentrated //? Vacuo and the residue was dissolved in 200 rnL of ethyl 
acetate. The ethyl acetate solution was washed with 4 X 50 mL of 4% aqueous 
sodium bicarbonate solution. Solid sodium chloride (20 mL) was added to each of 
the second, third and fourth washes to improve the' phase separation. The ethyl 
acetate solution was dried over sodium sulfate, filtered and concentrated in vacuo 
to give S. 1 2 g- of the title (impound as a whits glass; !R (0.15%1nCC|4):3530, 
^748 M'J7i'B i i^:^f^^/^ : 'f : [ '''''' 

Step 5? f2ft%R^a^ 

bidebxy^C-mtetHfo^ 
- ^ntemethvl-3-n^ 

^' A mixture of 5.197 g (sMi mmblj ^ br [^2fi*;3M w (V^,2B*),6a T l7a*, 

ri ,; 

' nexopyranosyljbxy]- 

methyi-ot-L^Vibo-hexopy -methylbutyl)-2,6,8, 10,12- 

pentamethyl-4,13-diox^bicyclbia from Step 4, 4.20 g (35.85 

mrriol) of ^m^h^if^ifi^bithe' N-bxide and 2.5 'g of 4 A molecular sieves in 26 mL 
of methylene chloride was stirred at 20°C fori hour. The reaction-mixture was then 
cooled to -1 5°C in an ice/acetone bath and after 15 minutes, 30.9 mg (0.879 mmol) 
of tetrapropyl-ammbriium perruthenate was added. After stirring for several 
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minutes at -15°C the reaction was allowed to stand at -15°C for 20 hours. The 
reaction mixture was then filtered into a stirred mixture of 11 g of sodium bisulfite in 
100 mL of water, using 200 mi: of ethyl acetate tb wash the filter cake. The filtrate 
was diluted with100 mL of water and after vigorously stirring for 1 hour was filtered. 
The aqueous layer was separated and discarded. The organic layer was washed 
with 2 X 100 mL of a 50/50 mixture of brine and 4% aqueous sodium bicarbonate. 
The ethyl acetate solution was dried over anhydrous sodiurii sulfate; filtered and 
. ' concentrated in vacuo to give 4.65 g (90% yield) of this titje r compound as a white 
glass/ ' I '[ ..' 



Step 6- |gR^jR*.art*(1 R\6FT.73^gS^9R\li^ 
hexopvranQsvl]oxv] : 4. 1 3-dioxabicycl6r8;P. 1 1tndec-i g-ftri-5-Orie 

[2fi^2B\3ja*(i^ 

(dimethyfan^ 

dideqxy-3-d-methyi-3-0-methyl-d-L^ 
pent^ethyl-3-(1 -methyl 

(4.65 g, 5.3 rnmol), from Step 5. was dissolved in'100 mL of methanol and kept at 
25°C for 4 days. A small amount of precipitate Was removed by filtnatidn and the 
solvent was removed in vacuo. The dried residue (4.39 g) was chromatographed 
on 206lg of silica je| which had o$n preconditioned arid was eluted with ethyl 
acetate/jhepta^^ le'^^^^'tofiyei 1.57 g (35 % yield) of 

the thle compound as a white foam.'' 



step 7: ^taW^^7f ftT«f .-7iS \"M "SRAM ip-ffftg-PidSQ^ 

(>methy1-«-L.^^ 
. oxopuftlV-9 ; rr3.*6^ ^ 
dioxaMcvclo{a.2.1^ridec»1 S^ri-S^one 

. [2JB, : [2^3fi*(ia*)^ 
dideoxy-3-C-methy>3-p-ri^^^ 
pentemethyl-3-(i-methyl-2-bxo^ 

hexopyranosyl]oxy]-4, 1 3-dioxabicycio[8:2.1 jindec-i 2-en-5-one [8.2.1 Jtridec-1 2-en- 
5-one (1 .52 g, 1 .83mmol) was dissolved in: 1 00 mL of methanol. To the resultant 
solution was added 75 mg of 10%. palladium on caroon. The reaction mixture was 
shaken at ambient temperature under 4 atmospheres of hydrogen for i hour. TLC 
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analysis on silica gel plates eluted with chloroform/methanol/concentrated 
ammonium hydroxide (9 .5:0.5:0.2) indicated.that the reaction was complete. The 
catalyst was removed by filtration and the filter cake was washed with 100 mL of 
methanol, The filtrate was concentrated under reduced pressure to give 1 .267 g 
(99% yield) of the title compound. 

.. ... Step 8: f2R-f2R^^ 
' O-methvi-tt-^ 

oximidobuMV-9-ff3.4.6-trid^ 

4.1 3-dioxabic vclor8.2.11tridec-1 2-en-5-one 

.... ^[^^(ib^se^ 

methyl-g-LVribo-hexbp^ 

oxobutyl)-9-p,43-^ 1 3- 

dioxabicyclo[8^ was 
dissolved in 82 mL of absolute ethyl aJcbrjoi: : Tp thite solution was added 60 1 -mg 
(8 65 mmol) of hydroxy lamine hydt^iorj&e, fojlowed by 725 jiL : (5.1 8 mmol) of 
triethylamine. The reaction mixture was heated at reflux temperature and 
monitored by analytical HPLC on a YMC reverse phase AQ-303 column eluted at 1 
mL/min ;With water/acetdnitHle/meth^ (5:4.5:0.5) containing 6.5 g/L of ammonium 
acetate. After 18 hours, the reaction mixture was concentrated to a few mLs. Ethyl 
acetate (150 mL) and |3^m)L^^^^iM>us sodium _ bicarbonate solution were 
added. The organic fy$f*^y^ti& with 2 X 33 mL of 8 b /& aqueous sodium 
, r . bicarbonate, dn>d. pver.^ql^ra^s^iuhi sulfate, filtered and concentrated in 
vacuo. The residue was carried on to the next step without purification. 

9R;.10R*|1.3-/2-aminb J -1.methVib^ 

/dimethvlaminol- ft -D-xv^ 1 1tridec- 1 2-en- 

5-one and . .. . J V; ; '•'• „' ; v J- 

dideoxv-3:C-metnvl-3-0^methvl-«-i :rih t vhfty 0 DvrahbsvlVoxv1-2.6.8.1 0:12- 
Dentamethvl-9-fr3.4^6-t^^ 
... 4.13-dioxabinydQf8- ; 2.i^ndec-12-en-5 

]2B:f2fi*i3S*(lX)^^ 

methyl-a-L-Wbo-hexbpyrahosyO^ -methyl-2- 
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oximidobutyl)-9-[[3.4,6-trideoxy-3-Xdimethyiamino)-p-D 

4J3-dioxabic^clo[jB,2;1ltridec-t2:en-|-one (997 mg), from Step 8, was dissolved in 
, 10% ammonium hydroxide in 100 mil of methanol. Jo this solution was added 2.5 
g of Raney nickel and the reaction mixture was shaken at ambient temperature 
under 4 atmospheres of hydrogen for 18 hours. The catalyst was removed by 
filtration and the filtrate was concentrated under reduced pressure. The dry residue 
(895 mg) was dissolved in 120 mL of ethyl acetate and the ethyl acetate solution 
was washed with 3 X 33, mL of 8% aqueous sodium bicarbonate solution and 30 
mL of brine, dried oyer anhydrous sodium sulfate, filtered and concentrated in 
vacuo to give 799 mg of the title mixture as a white glass. The product was carried 
on to the next step without purification. 

Rtan mr f2R-r2R r3SV4S\5^*^ tt ^^^*^LlB*d2B^1-9-rf2.6-PideQxy-3-0- 
v mfij^yJ^sQjJgtb ^o^ - ri hft-hftyo pvranosvnnyvl-5-ethvl-3-hvdroxy-2.4.8. UU2JAz 

The diastf reomeric mixture of .[2B^[2i*,^*(1S*,2B*).6B*.7^*,8^, 9fi*,10fi*]J- 
3-(2-amino-1 -methylbutyl)-7-[(2!6^ideoxy-3^ 
hexopyranosy!)pxy]-2,6,8, 10, t2-pentamethyl-9*rX3,4,6-t^ 
(5-D Txylo-hex^^^^ and [2fi- 

^^(^^.BE*^ ^,0B^ijOj^^ 

dideo^-3-Q-methy i-3 T 0-meth^ 0, 1 '2- 

' pentame.thyl-9:[i3^ 

' 4,l3rdioxabWclp^ mL of 

7, methanol, To this solution jwas ad<Jed 1.0 §L. of concentrated ammonium 

hydroxide and the in a screw capped vial for 

9 days. The '.solutioV^^- 9Qnc^n^e^ n /iri r y,a^o to 338.6 of a glass. The glass 
(30.0 mg) was dissolved in i 2,0 mL of methanol and purified by preparative HPLC 
chromatography. The, HPLC column, a P-ODS-7 (20 X 250 cm) W reverse phase 
column was eiuted.at 14 mL/min. The eluent was prepared by dilution of 36 g of 
ammonium acetate with 2.1 L of water and 1. L of acetonitriie- The methanol 
solution was filtered through a 45 u. nylon Jlter_and . injected onto the column in 5 
batches (4 X 400 u.L and 1 X 200 U.L). The first peak to elute from the column 
(fraction A; RT=18.6 min) was collected in a flask containing 150 mL of 1 N 
aqueous ammonium hydroxide. , The second peak to elute from the column 
(fraction B) was collected at 22.8 min. Each fraction was separately concentrated 
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in vacuo at 45°C to remove acetonitrile. 10% Aqueous sodium carbonate solution 
(25 mL) was added to the resulting aqueous mixture which Was extracted with 5 X 
20 mL of chloroform. The combined chloroform extracts were washed with a 
mixture of 15 mL of brine and 2 mL of concentrated ammonium hydroxide, dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo. Acetonitrile 
was added to the residue to azeotropically remove residual chloroform and water 
and evaporated under reduced pressure it give 65.4 mg (19% yield) of Fraction A 
(the title 'coriipipu^^and'IOS mg (31% yieid) of Fraction B (the 23*-2^amino 
diastereomer)^>raction A: FAB"MS~M/Z: 699 (M+H)+; IR (0.15% in CCI4) 3565, 
" 3480; 1650 cm- 1 ; Fraction B: FAB MS M/Z: 699 (M+H)*; ; iR (0.15% in CCI4) 3558, 
3470; 1720 cm-1. Mr ' : 

..... . ., Example 4 

: 

melhyl-aC-ribo-hexopyranosyt^Q^ 2. 1 4- 

a?a^1 5-Qxabieyclof 1 t]^entadec- 14-eh*7-0ne 

3 : 0-methyl-a-L-n*bb-he^^ 

' hexamethyl-i 1 -(ISAS^ndeVxy-^ 

aza-1^oxabicycl6[i 0^J (2 ''g.' ^S mmblj, the product of 

Example 1," was dissolved in 40 mL of methanol, t d i 'ihis bblutidh' at ambient 

' v temperature was added 1.9 g (14'mrtidlfbf sl&iufri acetate, foffbwed by 390 mg 

(1 .54 mmblj of iodihe.and the i^jter^;Matf6h ;: was" exposed to light for 45 
'I minutes. The iodine color was n^^^^ (390 
mg- "1:54 mmol) was added and thiTsdlutibn ag^h exposed 10 light for : 1 .5 hours. 
The reaction mi^ure was theh poured Trito a ; separatory funnel containing 50 mL of 
methyiene chloride and washed with a mixture of approximately 21 mL of brine and 
50 mL of 5% aqueous Sodium bicarbonate solution containing 100 mg of sodium 
thiosulfate. The aqueous layers were extracted with 5 X 25 mL of methyiene 
chloride. The combined organic layers were washed with brine, dried over 
"anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue (1 .82 g) 
was chromatographed on i 50 g of silica gel eluted with 

chlorbform/metriahbl/ammonia (100:3:0.3) to give 865 mg (44°/ yield) of the title 
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compound; FAB MS M/Z: 701 (M+H)+; IR (0.15% in CCU) 3560. 3438, 3353 and 

1660 cm- 1 . r. r . 

In another njn, the solvent used for. workup was ethyl acetate instead of 
methylene chloride, and the product was crystallized from acetonitriie, instead of 
being purified by chromatography, mp 170-175°C. [a]o = -29.0° (c=1 .00, MeOH, 
28°C). IR (CCU) 963, 1665, 1700 cnr 1 . Anal Calc. for C36H&4N2O1 1 : C, 61.69; H, 
9.20;,H 4.00; Found: C, 61.39; H, 9.02; N, 3.95. 



... ;•. .,. . ., Example 5 

mf thy'-"-' ^jfaa-hjxiiie^^ 

hexamethvl-l i-trsVe^^^ 

e-aza-1 5-oxabicvctoM o l 2.ilnftntadec-1 4-en-7-Q n e 

3-0-methyl-a-LTribo-hexopyranpsyi)oxyi-5-ethy^ 10. 12.14- 

hexamethyl-1 1 -rj3,4.6-trideoxy-3^(methy|a m inb^ 

aza-15-oxabicyclo[10.2.1]pentadec-14-en-7-one (53 mg, 0.076 mmol), the product 
of Example 4, was dissolved iq. 3 mL of methanol. To this solution was added 25 
mg of 10% palladium on carbon and 50 uL (0.82 mmol) of acetaldehyde. The 
reaction mixture was. shaken at ambient temperature under. 4 atmospheres of 
hydVogen for 1 . The catalyst *was remqyed, by fjltratidn and the fitt was 

-concentiate<|/n..v^Qua. s ^e.i]^due-we|s. washed. with 50 mi- of 5% aqueous 
sodium bicarbonate and-the aqueous mixture was extracted with 3X7 mL of 
methylene chloride, the combined organic extracts were washed with brine and 
concentrated in vacuo. The residue (43.3 mg) wascombined with additional 
material from an identical reaction (t6tal^200 mg) and chrpmatographed on a 1 X 
40 cm silica gel column.e!uted with toluene/metbanol (20:1 ) to give 98.6 mg of 
solid. The solid was dissolved. in 4 mLqf acetonitriie arid filtered. The filtrate was 
concentrated in vacuo to give 62.8 mg of th^titje. compound; FAB MS M/Z: 729 
(M+H)+; IR (0.1 5% in CCI4) 3560,, 3440, 3355 and 1660 cm- 1 
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. Example 6 

* . * . . . * . • 

f2R./2RV3R*.4R , .5R*.8R*.9S , .1QS'.1lR'.12RV9-ff2.6-Dideoxv.3-C-methvl-3-0. 
methvl-tt-L-ribo-hexopyranosyl& 0. 1 2. 1 4- 

hex^methyHHt3.4.6-^ 

hexopvranosvHQxvl-6-a2a-1 5-oxabicvclof 1 0.2.1lDentadec-1 4-en-7-one 

[2B-(2B*.3B*.4B*.5a*.8B".9S*. 1 0S*. 1 1 B' . 1 2B")]-9-[(2.6-Dideoxy-3-C-methyl- 
3-0-methyl-a-L-ribo-hexopyranosyl)oxy]-5-ethyl-3,4-dihydroxy-2,4,8, 1 0,1 2, 1 4- 
hexamethyl-11-[[3,4,6-trideoxy-3-(methylamino)-p-D-xylo-hexopyranosyl]oxy]-6- 
aza-l5-oxabicyclo[10.2.l]petitad6c-l4-en-7-one (60.9 mg, 0.087 mmol), the 
product of Example 4, was dissolved in 1.5 mL of acetonitrile. To this solution was 
added 25 |iL (0.289 mmol) of coid allyi bromide and the reaction mixture was 
. stirred at ambient temperature for approximately 8 hours. The reaction mixture was 
diluted with 50 mL of 5% aqueous sodium bicarbonate solution and was extracted 
with 3 X 15 mL of methylene chloride, the combined organic layers were washed 
with brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo 
to a glassy solid, the glass (54.8 mg) Was purified by chromatography on silica gel 
eluted with toluene/methanol (20:1 ) to give 1 9.6 mg (31 % yield) Of the title 
1 compound;.FAB 

V.'".. . 'V ..... cl, ; Exaitiple 7 ' ; _ 

" hfohvl^L-ribb^ 
hexamethvl-1 1 -ff3"46-trideb 

teropyranqsyl]^^ bromide 

';' 1 B*.1 2B*j]-9^(2;6-bide6xy-3-C-methyl- 

3-P-methyl-oii-L-ribO-hexopy raribsyi)oxy] 10,12,14- 
hexamethyl-1 1 -n3,4;6-trideoxy-3-(dimethyiam 

aza-1 5-oxabic^^ (200 mg, 0.28 mmol), the product 

of Example 1 , was dissoiveB in 3 mt of acetonitrile. To this solution was added 80 
fiL (0.924 mmol) of allyl bromide and the reaction mixture was stirred at ambient 
temperature for 2 hours. The reaction mixture was concentrated in vacuo. The 
residue was triturated with ethyl acetate. The solid phase was dried in vacuo to 
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give 160 mg (68% yield) of the^tle compound; FAB MS M/Z: 755 (M+-Br); IR (KBr) 
. 1703, 1650cm* 1 . . ^ "." ~ • 

Example 8 

mf thyi-H .ri^n-hflyn pvranosvhoxvl-S-ethvkl 4-dihvdroxv-g 4 . S i 1 Q . 1 2 . 1 4- 
hf . Xf? P«thvi:ii-f f3:4.6- tride o xv-3-fdim8thvlaminQ)-3 -b 

q;s a .ig.oyabk^ioho,^ 1 3-Q, H-O-wrtonate 

3-0-methyl-a-L : ^ 2 ' 1 4 " 

hexamethyl-1 1 -i[3,4i-m>leoxy-3^{d!^ 

aza-IS-oxabicycIpP 0,2.1 ]pent^^^^ mg, 0.248 mmol], the 

..product of Example Cwas dfssp^dJn £ mi. of. toiiiene/THF q :1 ). . totWs solution 
was added 0.37 g (2.68 mmol) of potassium carbonate, followed by^p,78 g (8.86 
mmalhof ethylene caijboa^^cpmfnerjplany available from Aldrich Qhemical 
Company). The reaction . mixture w^ 

cooled to ambient temperature, diluted ^th £0 (rilpi '5% aqueous -JKXfujm 
'„ bicarbonate and, extracted with 3 X ,25 mL of toluene., ^The^p.rganlC.phase was 
washed with 50 mL of brine and. concentrated m vacuo to an oil which solidified 
uponstanding at ambien^ temperature.. . l^.r^sidMjS.. ^w^c^r^m^o^f^p^ed on 
' " silica gel eluted, with chlprpfon^ (l6:2 t 5^).25:0.03) 
. y Itogiye 66>7 rog2l?% yijsid) if ^ titlf <$mPS u ?%^ (M+H)+; 
IR (0.15/^in CCJ4}35^ 

•,.*"-•/• 5 J.-: ,y^v,- .... ^ 'J ' K T>. E^ai^tA... . ' . 

methvl-3-O.mathvi-a rl ^ 

2,^,ff,iff, ig ,i4-rv?^mgtlwl-1H 

hftYnnvranosyl]Qxy1-6-a2a-15-oxa b^ 

[2B-(2B*.3B".4B".5a*.8B*.9S*.10S*,11E*.12B*)]-9-[(2,6-Dideoxy-3-C-methyl- 
3-0-methyl-a-L-ribo-hexopyranosyl)oxy]-5-ethyl-3,4-dihydroxy-2,4,8,1 0,1 2,1 4- 
hexamethyl-11-[[3.4,6-trideoxy-3-(dimethylamino)-p-D-xylo-hexopyranosyl]oxy]-6- 
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a2a-15-oxabicyclo[10.2.1]pentadec-l4-en-7-one (210.7 mg, 0.295 mmol), the 
product of exampie 1, was dissolved in 2tf mL of glacial acetic acid. To the 
resultant solution was added 40 jxL (2.157 equivalents) of dlfluoroacetic acid (DFA) 
and 210 mg of platinum oxide. The reaction mixture was shaken at ambient 
temperature under 4 atmospheres of hydrogen for 4 hours. Ammonium acetate 
(160 mg) was added and the resultant mixture was shaken for 1.0 minutes. The 
catalyst was /removed by filtration and the filtrate was concentrated under reduced 
pressure, the residue was diluted with 50 mL bf chlorofbrnh. A mixture of 50 mL of 
brine and 10 mL of concentrated ammonium hydroxide was added. The 
chloroform feyer was separated ahd the aqueous layer was extracted with 30 mL of 
chloroform. The combined chloroform layers were washed with a mixture 40 mL of 
brine and 5 mL of concentrated iarnmbnium hydroxid The chloroform solution 
was dried over anhydrous sodium sulfate, filtered and concentrated. The residue 
was evaporated from acetbnitriie to remove all of the chloroform and dried under 
vacuum to give 230.4 mg of a white glass. The title compound was separated from 
the other components of the chide product by preparaitive HPLC on a reverse 
" phase YMC b-ODS-7 cblumn (20 X 2iS0 mm) elutbd ^ 40% 
methanol in water containing 10 g/L oftriethytemine hydrbchioride/6.1 mLVL of 
glacial acetic acid and 30 mUL of ethylene glycol. The crude product (the white 
glass) was dissolved in 2.0 mL of methanol and the solution was filtered through a 
0.4 ji nyidit fiitefr. The merthahoi solution was injected bntb th<b HPLC column in 6 
portions totalling 11755 rrtLf 7hk peak collected at I4;7 min wa^ combined from 
^ each njn arid c^ncentr4t6d to less than one half of the cbllbcted vblume using a 
t rotary eygpofaior and^^ei' bath heattel \64&°C: The cbribentr&te was diluted with 
an equal volume olf^ji^k^j^Sh made ba^ic ib) with 20 rriL of 10% aqueous 
sodium carbonate solution. 'The product Was Sxtradted with 4 X 25 mL of 
chloroform. The combined extracts were washed with 30 mL of water, dried over 
anhydrous sodium sulfate; fitterefcfand concentrated to dryness under reduced 
pressure. After vacuum drying, the residue was dissolved in 2 mL of acetonitrile 
and treated wttff$0 mg of sodium bicarbohiate. After the mixture was stirred for 15 
rtiin, it Was filtered and tH£ filtrate Was cohcentfated to dryness under a stream of 
nitrogen, th^ title do^ drying; FAB MS 

M/Z: 717 (Mifi)*; IR (6-15^Hn CCl4fS560^aU70, 3^0, 3345 and 1660 cm' 1 . 



BNSDOCID: <WO 9218134A1_I_> 



WO 92/18134 



-48- 



PCT/US92/02590 



'Example 10 

potion of r2R-r2R *3Rr4R\5fi^BB w i9£'^ 

. methvl-3-b-methvl- «-i -ri^^ 

9 4 ft 10 12.14-hfiyamethv i-i l-fp* 4 si:tririftnxv-3-^dimethvlaminQ)-(HlixylQr 
hftynpvrannfivllnxv^^ With 

Agiipoijis Acetic Acid 

- • ,To|^(2B>&^ 
methy!.-3-6-methy!-ff-L-ribp-hex^ 

.hexopyranQsyi]oxy]-6-aza-1 5-bj^icyclofi b£. 1 ]pehtadec-1 4-en-7-orie (51 5 mg, 
^72 mmoi^the product of exampjeX suspended in 20 mL of water, was added 20 
mL of glacial acetic acid. The reaction mixture was stirred at ambient temperature 
for . approximately 4 hours and then poured Into 300 mL of water: The solution was 
made basic (pH 8-9) by adding S% sodium bicarbonate solution and ammonium 
hydroxide and gently swirling. * The aqueous solution was poured into a separatory 
funnel containing methylene chloride and the methylene Chloride layer was 
separated The aqueous layer was extracted with' 3 X 100f nil of methylene 
' chloride. The, combined methylene chloride' extracts were concentrated under 
reduced pressure to give 300 mg of the a^degradj^bri'p^uc^: One of those 
produces was identified as the corresponding a^ 11B-(1B . 2fi , 

mejhyl^-L^ 

Til -H3,4^ridM^ 5.1 6- 

dioxmncycip[10 XxS^.P^^^^^T^i^- A sample of the ahhydro 
compound (540 mg) was chromato^^ g) 
equilibrated with chlorofpmvacetb^ (10:3:0.4:6.03) and 

_ eluted with chlproform/acetonitriie/methan give 100 

mg of the ^nbypW compound. >£& MS tifg 7'l£ (M+H)+; IR (6.1^% in CCI 4 ) 3460, 
3435, 3330 and 1 545 'cnr* ; 1 . 3 C NMR I (DMSO-d6,) 09 at. 1 [14.3 ppfn. MS 3 = -1 1 .8° 

. (c 1.00; MeOH). A sample, was crystallized from acetonitrile, m.p. 178-182°C. 
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Example 1 1 

Reaction of [2R-r2R r3Rr4Rr5B*.8R*.9S*.10S*.1 1R*.12R* )1-9-fr2.6-Dideoxv-3-C- 
v methvl-3-0-methvl-fi-l--ri^ 
1g.4.8.10.12;i4 : .hexam9^fjl4f3.4-.6»tri 

hexQpyranQfiyl|oyy]-6-a7a-|S-Qyabicvclof 1 0.2. 1 )pentadec-1 4-en-7-one with 

Aqjjeolis Hydrochloric Acid 

[2B-{2B^3E^4B^5a*,8B^9s^1os^11a^12a # )]-9 : ^ 

3-0-metbY!-ot-L-ribjb-hexopyrano^^^ 1 0, 1 2,1 4- 

hexamethyM 1 ;[[3 t 4,6;trideoxy>3-^ 

ata-.-J 5-oxabicyclp[l 0.2,1 ]pentadec-l 4-eri-7-one (874 mg, 1.22 mmol), the product 
of example 1 , was dissolved in acetonitrile and trie soiution was concentrated 
. down to a foam^under reduced pressure. Water (50 mL) was added to the foam 
while the sides of the flask were scraped, A solution of 2 mL of 1 N aqueous - 
hydrochloric acid in 100 mL pf water was prepared and 39.33 mL of this solution 
was added portionwise to the aqueous eiytnrornycin A lactam enol ether. After the 
addition was complete the pH of the resultant soiution was 3. As sample dissolved 
it was necessary to adjust the pH by the addition of 1 1st aqueous hydrochloric acid 
in order to maintain the pH at approximately 2.5. After stirring folr 90 minutes 'the 
reaction mixture, was quenched by pouring the acidic solution into a separator/ 
funnel with, 100 mL of .5%' aquepuV 3 mL of 

. _ concentrated ammonium ti^^xide\..^e.^ue$us \^4iw^jii^^0^.yinth 3 X 50 
... mL of methylene chloride^ The organic layer wlis washed with brine, dried over 
anhydrous sodium sulfate, filtered and .cpnce^rt 

, Silica gel (approximately -jl 00 jgjj 'w^'slufrted^t^H t airotoMe/kimm'bnia (10:0.5) 

and poured into a column. The column was equilibrated w 
,. chloroform/acetpnrtrile/metH^ The residue was 
loaded on the column and the column was eluted with ' 

; chi,orofprriVaceto give 160 mg of [3B- 

: (3B*.4S # .5S*,6B*:7B # ,9S*,1 lM*,1 2B*. 1 i3B £ .14B^)i:4-[(2,6-dideoxy-3-C-methyl-3-0- 
methyl-a-L-ribd-hexbpyf an 
hexamethyl-6-'[f3,4.6-tto 

cyclotetradecane-2,l0-dione (erythromycin A lactam"). FAB MS M/Z: 733 (M+H) + ; 
IR (0.15% in CCU) 3560, 3430, 1675 and 1655 cnr"»; 13 C NMR (DMSO-d6) C9 at 
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21 7.2 and 1 07.6 (mixture of ketone and 9,1 2-hemiacetal). Md 3 = -52.9° (c 1 .00; 
MeQH). . . . -. . '.. 

•"• - 'Exafop^ 12 .. 

^gR.r2R^ 3R^4R^5R^aR^^lfla^llB ^ J^ 

. mjabj^^^^ 

hfipf a methvi-i i-r f3.4.S4rideoxv-3 rJ ^9tPvlaminQ )-^ 

SHOxabicvcioimP! nnentadec ^ 4-en-7-Qns 

: A solution of 15% methylamin©. in ; methanol was ; prepared by adding 1 5 mL of 
liquid mefhylamine in .85 mL of methanol cooled to 0°C in an ice bath. ^{2Br 

a-L-ribo-hexopyranosyi)oxy}-3r{1 ,2-.eppxy-t r methy!butyl)-2,6,8, 1 0,1 
.pentamethyl-9-[[3.4,64ridepxy=3*(^ 

4,l3-dioxabicyclo[8.2.1}tridec-12r9a-5ron© (441.6 mg r 0^6327 mmpl), from Step 4 
of Example .1, was dissolved in 10.mL.of the, methyiamine solution in a20 mL 
heavy^v/alled reaction tube. Th© reaction tube was sealed.wiih.a teflpn.screw cap 
and "O" ring and then the tube was. hsatad at A^0?C In an oil bath for;5 days. The 
reaction , mixture was sampled and analyzed , using the HPLC system .described in 
"... Step 3 oi Example 1 A ; -^According to HPLQ;. analysis, ths epoxide starting material 
was consumed. Ths ciude reaction materia! was diluted with 100 mL of 8% 
aqueous sodium bicarbonate solution and^xtraeted with 3 X 25 mL of chloroform. 
The chloroform extract was washed with, 50 mL of a 1 ;1. solution of 8% aqueous 
sodium bicarbonate and brine. The chloroform solution was dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo. The residue was dissolved in 
30 mL of acetonitrile and the solvent removed in vacuo to give a dark yellow 
residue. The residue (430 mg); was chromatographed on 50-g of silica gel which 
had been equilibrated with;chiordfdrm/acetonitr;i3/ methanol/ammonium hydroxide 
(87.8:10:2:0,2 vMV/v); ©luting at 2.1 mL/rnin with, .the same; solvent used, for 
equilibration followed, after coHecting .sixty five; 15 mL fractions,-.by :/r . 
chloroform/acetonitrile/methanol/ammonium hydroxide (83.6:10:6:0.4 v/v/v/v) to 
give 275.2 mg (60% yield) of the title compound; DCI/NH3 MS MJZ: 729 (M+H)+; IR 
(0.1 5% in CCI4) 3560, 351 0, 3460, 1 700 and 1 625 cm-1 . [a]o 22°C = -58.7° (c 
1.00; MeOH). 
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Example 13 

Alternate preparation of [2B^*^aB^*)^*ZS'^*^^im'lHJ(2>fe 
Dideoxv-3-C-methvl-3-Q-methvl-a-L-ribo-hexoDvranosvlto^ 
methvlbutvn-2.6.a.10 12-Demamethvl-9-ff3.4.6-trideoxv-3-fdimethvlarninQ^-fi-D- 
xylo-hexQpvranQsvnoxv]-4 1 3-dioxabicvclof8 .2 1 Itridec- 1 2-en-5-one 

Erythromycin A (30.01 -§,- 40V89 mrriol) was suspended in i200.mL of 
acetonitri'le. To the stirred suspension was attded -1 0.541 g. (81. 751 .mmol) of 
dichloroacetic acid in 100 mCol^tOtotttitewerarZQ: minute period; the 
erythromycin dissolved after addition of about half the volume. The reaction was 
stirred tor 2.5 hours at 23 p C r gMng; the enor ether. To the solution containing the 
enol ether intermediate was added over a 30 minute period a solution of 16.951 g 
-(122.65 mmol) of pota^'m^car66hati.^s^i3id in 300 ml of 1 :1 (v/y) 
methanol :water. The mixture was then refluxed for 1.5 hours, cooled to room - 
temperature and concentrated /n ^cuo fo feave a white residue. < The residue was 
dissolved in a mixture of 200 mi. of chlordform, 200 mL of 8% sodium bicarbonate 
r solution and 100 mL of saturated brine. The organic layer was.then separated, the 
■ : ' aqueous layer extracted with chloroform- and the organic fayers combined. This 
solution was washed with a mixture of sodium bicarbonate solution and saturated 
brine, dried over sodium sulfate.-filtered and concentrated to dryness. The residue 
was dissolved in 1 00 mL of acetonitrileand evaporated in vacuo to give 28.67 g of 
crude product^as a '■■f6^t'^e : th^ri^^as^cTys^\iz&ti from acetonitrile to afford 
1 8.717 g ot the title prb<3uefr A^econd^exlraction was:performed;.and:the total yield 
for the reaction found to be B§%r*- -.'^as*- :?>■*■ m.-iTo**:- 




yS fgR.rgR^ R?(rR» PS't^^ 
r methvPft~L-tib6-hexo^^ 
■'• ■ •bentam6tnvN9-^ 

hexoovranbsvHoxvl-4-. t3-dioxaBicvdof 8.2. 1 1tridec- 1 2-en-5-one 
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fitfto 1 . r2R-f2R *:3RVl R^2S*V6R^S^*^S'^l^^B 11-7•f(2 ■6-PideQXY-3-0- 
mPthvl-3-O-methvl-rt-l .rihn.hft^nn V rahosvl>oxv1-3-n .2-ftPOXV-l -methvlbUtYl)- 
9 6.8 1 0. 1 g -pontgrnftthYf-Q-rr^-^^';^ 4 - ^trideoxv-3-fdimethvtamiho>-B=D=ffldQi 
heyqp YranoS Yl]oxv1-4:i3-djff^^ 

A 3,001 g (4.300 mmoi)) sample of I2R-[2F^,3R*(1 R*,2S*),6R*,7S\8S*,9RV 
10R*]]-7-[(2,6-Dideoxy-3-C-me^^ 
epoxy-1 -metbylbutyl)-2,6,8,1 0.1 2-pentamethyl-9-[[3.^ 
(dimithylamino)-^ 

5-pne (the product of Example 1 A, step 2 above) was dissolved in 40 mL of 
methylene chloride, and 1.2 mL oftriethyl amine and 0.81 mL of acetic anhydride 
were, added. The reaction was ailbwed to proceed for 24 hours, whereupon the 
solvent was removed under vacuum \an'd'th0''.retidue'dis8o1y8d in 100 mL of ethyl 
acetate. The ethyl" acetate solution was washed with 8% NaHC03, 5% NaHtePCU, 
H2O and 8% NaHC03 solutions, then dried over sodium sulfate, filtered and taken 
to dryness. Exhaustive drying yielded 3.175 g of the title product. This material was 
taken to the next step without further purification. 

friimethvlamirioWfl -n-Yylh-h^ 
5-one 

A 3. 1 09 g sample pf tli£ pnqduct of.Step 1 a>oye, 2.064 g (1 6,894 mmol) of 
DMAP and 2^260 g (12^68T mrnoty # 1 J (Aldrich) were 

dissolved in. 40.mL of methylene chibride^and the" reaction altowed to proceed at 
25°C for 18 hpurs^Tpth^ reaction mfodijrf/wa^ then added 1.15 mL of 
concentrated NH4OH, and trie reaction stirred at room ternperafure.for 45 minutes. 
Next was added 100 mL of 0.5^ M acetate buffer, followed by 2 mL of acetic acid to 
adjust the pH.to 6.0, and the mixture stirred for 2 hours.. Additional solvent was 
added, and the organic phase separated. After, washing first with acetate buffer 
(pH 4.7), .and then with 8% NaHCQa, the.solutip^ was dried over sodium sulfate, 
filtered and taken to dryness to yield 3.357 .g pf the title compound'. 
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Slap 3. r2R.T2RraRVlRr2S^.6Rr7SV8SV9RVl0R>7-rr2.4.6-Tride Q x V .3-C. 

methvl-3-Q-methyl-g-L-ri^ 

2.6.8.10:i2-6entamethvl^^ 

hexopvrahosvl1oxv|-4: 1 3-dioxabiGVClor8.2;1 ltridee^l 2-en-5-one 

A mixture of 3.31 9 g (3.905 m'rnoij Of the product of step 2 above and 0.1 28 g 
(0.779 mmol) of AIBN (2;2 , -a2Obis^2-methylpropi0nitrile) was dissolved in 60 mL of 
dry toluene. To this was added 2.2 mL (6.98 mmol) of tri-rt-butyl tin hydride, and 
. the mixture degassed and. held under N? before heating in an oil bath at 100°C for 
V hour. The mixture was concentrated to a syrup, then dissolved in 100 mL of 
CHCI3. This solution was washed with acetate buffer (pH 4:7), then With 8% 
aqueous NaHCC>3, dried over NaiSO^, filtered and taken to dryness to yield 5.653 
g of a residue. The residue was dissolved in 200 mL of acetonitrile and washed 3 
, . times with 50 mL portions of hexarie. The acetonitrile layer Was concentrated to 
dn/ness to afford 2.69 g of titl^ prodiicit. 

Example 15 

P=fflg^^ 1 21 4. 

hexarriethvl-11^f3;4 



A 506 ring 'sample . of the^roduct dt'Example 14 was placed in a 20 mL 
pressure tube. The sample was dissolved in id mL 6^f i5%" NH3 in methanol, 
flushed with N2, sealed and heated at 1u6 6 Cin an oil bath for 4 days. The contents 
. of the tube were taken to dryness^ and the' crude (product purified by preparative 
chromatography on silica ."gel, p^\)^'^h^&.2f^:^oii'(^oy 

NH40H:methanol:acet^ removed from the fractions 

containing the product to afford 226 mg of the title compound as a glass. MS M/Z 
699 (M+H). IR (CCU): 2l52bb. 3486b? 3440sri. 3355^h. 1700W, 1662s. la]D = - 
33.6° (0=0^50, ^ N^dH, 2^ 6 b). Anal Cald for C37H66N2O10: C, 63.58; H, 9.52; N. 
4.01 ; Found: C, 63^1 5; H, 9^4%; N, 3.98l"' : : ? '■ " 
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-Example 16 ■• 

r2R-r2R^ 3R^4R^5R^8R^9■s ^ ^^*i^a ^ J2B*)^-ff•rf? l 4 l frTrideQXY-3•c-methYl-3- 

0-methvl-a-» -rihn-hftynnvranosvn ny^-^ethv>->t.4-dihvdrQXV-2,4.6.8.1 Q.1 2. 1 4- 
hPptamfithvl-11-rr3.4.g-tririenyv-?,-rri imftthvlamino^B-n-wlO-heXQDVranQSVllQXVl-6- 
fl 7 a .ifi.n y ahinvnlo^lQ-2 npentadec-14-en-7-Qne 

A 607:2 mg . sample olthe prompt, of Example 1 4 was placed in a 20 mL 
pressure tube, and 10 mL of 35% methylamine in methanol was added. The tube 
was -flushed with Ng, sealed and heated, at 100?C,in an oil bath fpr 4 days. The 
tube was opened, and the solvent removed to yield 634 mg of crude product. This 
material was purified by chromatography on silica ge.Leluting with .0.2:2:10:100 
NH4OH:methano!:acetonitrile:GK0l3. a The solvent was removed from, the fractions 
> containing the product to afford -3p2;4 mg of the title compound as a glass. [a]o = - 
55,0° (<*1.00, MeOH, 29 0 C). ;; IR (CPU): 35i pb, 3460b, 17Q0w, 1622s cnr 1 . Anal 
Calc. forC 3 8H68N 2 Oio: C, 64.02; H. 9.61.; M, 3.93; FoundrC* 64,02; H, 9.67; N, 
3.92. 



h^i?mf 1 -rra^trideoxv^^^ 

t To a heavy-walled flask (Parrjnstrument Co.) were added 311 mg of the 
product of Example-4, 30 mt pf methanol, I20 mg of 10% Pd/C and 0.30 mL of 
butyraldehyde. The flask was charged with 4 atm of hydrogen and shaken for 16 
hours: The catalyst was removed by filtration, and the solvent was removed under 
vacuum. The residue was dissolved in acetonitrile andtakento dryness twice to 
give 340 mg of crude product. The crude product was punfie : d by reyerse phase 
HPLC, eluting with 40:60 acetonitrile water, containing 1 0 g/L of ammonium 
acetate. The eluent fractions were concentrated to half their volume and were 
made alkaline by the addition of 1 N NaOH in small portions. The product was 
extracted into chloroform which was washed with 8% aqueous NaHCC-3, dried over 
sodium sulfate, filtered and concentrated. The residue was dissolved in acetonitrile 
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which was then removed under vacuum to yield 1 70.6 mg of the title product as a 
glass. MS M/Z 757 (M+H); [a]D,m -32.9° (c-1. 00, methanol, 28°C). IR (CCI 4 ): 
3560, 3520, 3440, 1702, 1660 cm*' 1 . Anal Calc. forC4oH72N20n: C, 63.46; H. 
9.59; N, 3.70; found: C, 62.95; H, 9.48; N..3.63. 

" Example 18 

f2R-^R' .3R*.4R'.5R*.8R*.9S*.10S*.11R*.12R* )1-9-ff2.6-Dideoxv-3-C-methvl-3-Q- 
methvl-a-L-rib6-h6x6pyranbsvlVoyv^5-ethvl-3 4-dihvdroxv-2 4.8.1 0.1 2 14- 
• hexamethvt-11-p^ 

hexopvranPsvl]oxv>6-a2a-i 5^oxabteyClof1 Q.2. 1 Jpantadec-1 4-en>7-one 

By a procedure similar to^that described in Example .17. 382 mg of the product 
of Example 4 was reacted with propiohaidehyde instead of butyraidehyde, to afford 
'TSBS'img 1 of thertftle : CoHn^unrfaS^'whH8iSteiS8. MS M/Z 743 (M+H). (a]D « : 32.8° 
(c=i;00, methanol, 28*C). Anal Gale, for €39^70^2011: C, 63.05; H, 9.50; N, 3.79; 
Found: C. 63.05; H, 9.50; N, 3.79." 



" example 13 

fgR-feR* :3fR^ 4R* 5R*JBR*:9^^1 OS^H R^f 2R^-9-f/ 2^-Did60XV-3-<S-methvl-3-O- 

^ 1^ 

Irra 2(5 mL pressure tube were placed 200 rrig of the product of Example 4, 0.5 
ml of diisopropylethyiamiheih.O mL of ^iodopfepane and; 2.0 mL of acetonitrile. 
The tube wis flushed witrrN2i seaied arid heated at 70°C in an oil bath. For 
workuprthe products of two slich runs were combined. The solvents were remove, 
and the residue was dissolved In a mixture of 30 mL ethyl acetate, 20 mL of 8% 
aqueous' NaHGOb and TOO mg of scdlium thiosulfate. The organic layer was 
washed, dried arid filtered, to give 354 mg of crudeiproduct. The crude product 
was purified by H PLC by a procedure similar to that described in Example 19 to 
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afford 1 96.2 mg ! of the title compouridas a white glass. MS M/Z 781 (M+H). [a]D = 
- -32.8° (c=1 .00; methanol,-27°G). Anal Gale, for C39H70N2O11 :-C, 63.05; H, 9.50; N, 
3.79; Found: C, 62.54; K 9.50; N; 3.77. , 

Example 20 

mathyiwi-Uribo^ 12-14- 

hexamef hvl-1 1 -[fa 4!6.tndeoxv-3-(AbutvlmethViami 
v . heyoDvranosvnoxvl-6-aza-l 5-oxabicvcl6f1 O^.llDentad^C-l 4-en-7-one 

By a procedure Isirrillar to tfr& described in Example 19, 400 mg of the product 
qf Example 4 were reached with 2;i6dobutane instead Of 2-iodbpr6pan'e to afford, 
after purification by HPLG, two samples (the ti-(&)-2-butyl and N-(Bj-2-butyl 

isomers}.. „. t . ' 

21 a (S-isomer): 1 34 mg; MS M/Z 757 (M+H). [a]D « -30.2° (c-6.5,"' methanol, 
27°C)., IR 3560, 3440, 3350, 1700, 1658 cnrV ' f 
21 b. (R-isomer): 1 12.5 m|; M§ : 'pSZ 757 (M+H). [dfo = ^36.4 b (b=a5, methanol, 
27°C). IR 3560, 3440, 3350. 1700; 1659 cm-1. 

" : ' ; '5xamp|g 21 

r : •' - In Mb J Aslay of ^a^e^irietic^ciivitv 

TKe compou nds of theV^^'nvihtion were tested in vitro for their ability to 
induce contraction of smooth muscle strips isolated from rabbit small intestine 
using the following procedure. 

Rabbits were sacrificed and 15 cm of duodenum was rapidly removed and 
placed in ice-cold modified Ringers solution (120 mM sodium chloride, 25 mM 
sodium bicarbonate, 4.7 mM potassium chloride, 1 .25 mM calcium chloride, 1 .20 
mM magnesium sulfate and 5.6 mM glucose). The longitudinal muscle layer was 
separated from the circular muscle by blunt dissection and cut into strips of 10 X 20 
mm. Double-folded strips were vertically suspended between two hooks in 10 mL 
tissue baths with a mechanical preload of 1 g. The upper hook was connected to 
an isotonic force transducer, and its displacement was recorded on a Grass 
polygraph. The tissue baths contained modified Ringers solution at 37°C and were 
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continuousiy gassed with 95°/ pxygen/5% carbon dioxide in-order to maintain the 
pH at 7.5. . ' '.. *' '.. 

After a stabilization period of at least 60 minutes, a contractility dose-response 
series was performed by adding increasing final concentrations of methacholine 
(1 0" 7 M. 1 0* 6 M and 1 0' 5 M) in volumes of 1 00 u.L The bath solutions were 
replaced at least three times between doses. 

. After the methacholine dose : response series was completed, a test 
compound dose response curve was initiated by "the same procedure used for the 
methacholine doserresponse series, with at least five concentrations of test 
compound within the range of i 0"^ 0 M &'T0** M- The t|ssues"were washed 
repeatedly between doses, and the studies were completed by recording the 
contractile response to 10"f> M m ®thacho!ine to .ascertain integrity of the muscle 
preparation- Contractile responses were expressed as percent of maximal 

^contraction. The concentration of test :Vm > ^rd\^^prodiJoM half of the 
maximal contraction (ED50 value) and the negative logarithm of the ED50 value 

a .(PED50) were estimated from the doserresponse curves. The pEpso. values are 
shown in Table 1 in comparison i to. erythromycin, A which is a known 
gastrointestinal prokinetic agent, Frpm thesejdata jit is evident that the compounds 
of the present invention are potent proidpetic, agents. 

Table 1 

In Vitro Rabp^ntinrjenal Smooth Muscle Contraction Assay 
Exam ple Number oEDso (-log M) Relative Potency 

3 

... . .... .. . , 4 .... 

•,..•,..,8.. ., , 

'[ ..' ' .9 .' '. ..r 

V : ■ , ... ■ . .... 



' 7.10" u 


,;i . is.o 


7.50 


'.. 45.6 


6.50 

7.10 ; 


5.0 
1 8.0 






6,30; ' i ; > " 


- 3.0 


•6.25 ;/ 
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: 6.f0 ' 


1.8 


• 7:22 
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8.27 
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8.50 
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17 . . 5£f , . . 0.66 

. 18 .6v00 - ' 1.41 ... 

19 . ." ~".7.63 : " . 60.3 

20 (S) . ~ : / 8,40 355 

' ' [ . 20 (R) 9 27 2630. 

erythromycin A 5.85 1 ; 0 

, V ,1-. ', : . \ . J Example 22 V..,.'' " '• 

Oasti^dM^ro^ Anesthetized Dogs 

The compounds of the present invention were tested //? wyo for their ability to 
induce gastrointestinal motility, using t^ procedure: ASuit female beagle 

dogs,. food .deprived for 16 - 20 hours Panel I weighing between 7 0 and 12.0 kg, were 
anesthetized with 30 mgTkg.of sodium pentobarbital given intravenously. 
Anesthesia was maintained, during ^e'expenmentaf procedure by continuous 
intravenous infusion of 5 ing/kg Nembutal in Q.9% saline. . After tracheal intubation, 

.". the animals, were p^j^^lyjre^^.M. a P^'^? P , ?ssu re 

respiratory pump. Rectal temperature was maintained at 37°C by a heated animal 
table. A polvethyleneicalheSei)^ in^^d^ntQ the i right femoral i .artery to record 
. blood. p/essure and .heart rate.usiir^ a ; ^(^t^' j^^^'r^eure transducer. 
Polyethylene catheters were also introduced into the right femoral vein for infusion 

. of anesthetic and the left, femoral vein for drug administration 'and blood samples. 
The abdomen was opened x by a $ijdKne. incision immediately below the xiphoid 
process extending to 2 cm. belowthe um'WHci*. . 

' Five strain-gauge transducers were used to monitor contractile activity of the 
circular muscle layer of the stomach or intestine. Each was calibrated to give a 
60% full 'scpi«t jdc^Pc^tfbii; awPian^ aaipF^orting a 100 g weight between' two planar 
surfaces. . However, due tp yariability in transducer response, output when applied 
to the circular muscle layer was observed to vary despite the first stage of 
calibration. Therefore, .final sensitivity adjustments were subsequently made with 
transducers sewn in place to yield comparable deflections of paired transducers. 
Two, transducers were sutured to the serosal surface of the antrum of the stomach. 
The first was approximately 5 cm proximal to the pylorus and the second 1 cm 
proximal to the first. Two transducers were also sutured. to the duodenum; they 
were approximately 12 cm distal to the pylorus and about i cm apart. Only one 
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transducer was sutured to the jejunum, approximately 10 cm from the ligament of 
Treitz. and was not pair calibrated. Two transducers were used in both the 
stomach and duodenum to minimize variability. After application of the 
transducers, the abdominal wound was closed and gastrointestinal motility patterns 
were allowed to stabilize for from 45 to 90 minutes before drug administration. 

Motility and blood pressure were recorded by a Grass Model 7 oscillograph. 
The records were manually analyzed by a scoring system which included both 
magnitude and duration of muscular contractions. The manual scoring system 
consisted of pulse-height rheasurement by counting recorded contractile waves in 
relation to five selected amplitudes (7, 1 7, 34, 68, 1 36, >1 36 g). A transparent 
guide was used to facili^e soSrlhg. A'rWriirnal pulse-height score was assigned 
for every contraction between each of these levels (a score of 0,5 for all 
contractions between 7 and 17 g t a score of i.O for contraction^ between 17 and 34 
g, a score of 2.b for contractions between 34 arid 6& Q, a score of 4.0 for 
contractions between 68 and 136 £ and a score of 8.0 for contractions over 1 36 g). 
Scores were computed for the 60 minute period following "drug administration. 
Mean scores were computed for the two transducers in both stomach and 
duodenum, drugs were administered for either 2 or 3 periods, each period 
consisting of 90 minutes. In period t f the test compound was typicafly administered 
and motility responses recorded for 60 minutes. In period 2, erythromycin A 
lactobionate was "then ^ administered to establish an internal control for each animal 
studied. All compounds for brie experiment were given at the same dose, usually 

\ 4.0 mg/»cg. ; '^I' ^/f^ C [Tf:V'* ' V '"7 V ' ' 

Several experiment 
Erythromycin was administered in bbth periods and the data analyzed in the 
sstandard manner. Due to ^ dose^ependenrtachyph 

induced by ^ erythromycin in period i resulted in reduced erythromycin response in 
period 2. Test compounds should ideally be investigated by both prior and 
subsequent administration With respect to ertfhrohiycin dosing to minimize 
tachyphylactic bias. For initial screeningj, however, the standard protocol was test 
coffipound (period ty ifoilowed by erythromycin (period 2). 

The final expresknon dTreisultS was; a lratio between the motility scoring for the 
test compounding ef^hrorriycin A lactobionate (period 2). For stomach, 
duodenum and jejunum, the motility" score in response to the test compound was 
divided by the motility score for erythromycin. From these three ratios, an arithmetic 
mean ratio fo;f w overali"mdfiHty index" was calculated in which contributions from the 
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three tissue areas measured were weighted equally. The compound of Example 1 , 
when tested in vivo as described above, exhibited a motility index of 1 9.9_ 
compared to erythromycin A, which was assigned a motility index of 1 , 
demonstrating that the compounds of the invention exhibit potent gastrointestinal 
prokinetic activity in vivo. 
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We claim: 

1 . A compound having the formula 




or a pharmaceutical ly acceptable salt thereof, wherein the dotted line is an optional 
bond; 

A is selected from the group consisting of 




R 1 and R 2 are independently be selected from the group consisting of 
hydrogen, loweralkyl, halo-substituted loweralkyl, cyano-substituted loweralkyl, 
hydroxy-substituted loweralkyl, loweralkenyl, loweraikynyl, lower cycloalkyl, lower 
cycloalky (methyl and benzyl; 

R 3 is absent or is selected from the group consisting of loweralkyl, 
loweralkenyl, loweraikynyl and benzyl and accompanied by a pharmaceutical I y 
acceptable counterion so as to form a quaternary ammonium salt; 

R 4 is hydrogen or, taken together with R 6 , forms an ether bridge; 

r5 js selected from the group consisting of -OH and -OR 9 , wherein R 9 is 
selected from loweralkyl, loweralkanoyl and -S(0)2CH3, or. taken together with R6 

arid the carbons to which they are attached, forms a cyclic carbonate; 

r6 is selected from the group consisting of hydrogen, -OH and -OR 10 wherein 
R10 j S selected from loweralkyl, loweralkanoyl and -S(0)2CH3; or, taken together 
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with R 4 , forms an ether bridge; or, taken together with R5 and the carbons to which 
they are~attached, forms"?, tydiq c$\tenater \ "," 

R 7 is selected from the group consisting of hydrogen and methyl; 

r8 i S selected from the group consisting of hydrogen and loweralkyl; and 

R 9 is selected from the group consisting of hydrogen and hydroxy. 



2. A compound according to Claim 1 wherein A is 





3. ,..A compound according to Clajm. 1 wherein A is 

4. A compound according to Claim,3 wherein R$ and r6 . together with the 
carbon atoms to which they are ^attached, forma cyclic carbonate. 

5. A compound .aoop^^l^Tci^^J^^iif^n R 4 and Rf taken together 
form an ether linkage. 

6> A compound according to CJaJmt^ yrtiei^)n c tn<e c^ppunjd is selected 
,frqmthe ; group, 509>Wnfl^ ; : r -nj9...jb---£->.-f£-.&^r-.. :.-.\'v.-<..i-; ►■=-. 

[2fiK^3B^4a^5B^ia*is*j 

methyl-a-L-iibo : hexopyranpsyl)qxy]-5-et^ 
hexamethyI-1 1-p,4j^depxy-3r(d 

aza-1 5-oxabicyclo[1Q.2 f 1 ]pentadec-1 4ren-7-pne ("erythromycin Alactam enol 
ether);- . ,•. ; V :t--. r • • 

[2a-(2B^3s^4s^5a^8fi^9s^1os^1 ; 1al12B5^.9-w^ 

methyl-a.-L-ribo-hexppyranosy!)oxyH^ 

1 1 -[[3.4,6-trideoxy-3-(dimethylamino>-&-D^ 5- 
oxabicyclo[10.2.l]pentadec-l4-en-7~one ("erythromycin B lactam enol ether"); 
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[2a-(2a # .3a*,4a # .5a*,8B*,9£*, 1 0£*. 1 1 a*, 1 2B*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 

methyl-a-L-ribo-hexopyranosyi^ 

hexamethyl-1 1 -[[3,4,6-trideoxy-3-(m^ 

aza-1 5-oxabicyclo[1 0.2. 1 jperitadec-1 4-erv7-one ; 

[2a-{2jB^B^4f^5a^8a^9£\V6^^ 

methyl^a-L-ribo-hexopyranosyl)oxy]-5-ethyl-3,4-dihydroxy-2,4,8, 1 0,1 2, 1 4- 

hexamethyl-11-[[3,4,6-trideoxy-3-(ethylmethylamino)-|J-D-xylo-hexopyranosyl]oxy]- 

6-aza-1 5-oxabicycio[1 0.2.1 Jpentadec- 

14-en-7-one; . > ^ ■ r:«yj • c. •; ■..■cc.rri:: - 

[2a-(2fi*,3a*,4B*,5a*.8a*.9S*,10S*,11B*,12a*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 
methyl-cx-L-ribo-hexopyranosyl)oxy]-5-ethyl-3,4-dihydroxy-2,4,8, 10,1 2,14- 

hexamethyl-1 1 -[[3,4,6-trideoxy-3-(methyl(2-propenyl)amino)-p-D-xylo- 

hexopyranosyljoxy]-6-aza-1 5-oXabicyclb[f 6:2 :;1]pentadec-1 4-en-7-one; 

[2aK2Bi*,3ja*.4a # ,5fi 9 ,8a*,9S^, f0£*;il itf , 12B*)H-[(2.6-Dideoxy-3-C-methy^ 
methy i-a-L-ribb-hexopyra^ 1 0,1 2 ; 1 4- ? 

hexamethyl-1 1-[[3,4,64rideoxy-3-(dimethyl(2-propGnyl)ammonium)-p-D-xylo- 
hex^pyranosyl]oxyH^ bromide; 

\ X: - !tv ! r' ;-V 

[2a-(2^3^4a*.5^8^9^ 

methyi-bi-L-ribff-hexdpyrahosyi)b 2,14- 

hexamethyl-1 1 -p,4,6-trideoxy-3-(dimetrtylam^ 

aza-1 5-oxabicycio[1 0.2.1 }pentadec-14-en-7-one 1 3-0.1 4-O-carbonate; 

.ypfi<1fiW.3^ 
m^thyt-3-b-m^ 

2,4;8,iO,i2Y^ 

hexopyranosyl]oxy]-6-aza-1 5-oxabicyclo[1 0.2. 1 ]pentadecan-7-onef 

[ifHia\2a^3tf^ 

methyl-3-O-methyl-a-L-ri^^ 10,12,14- 

hexamethyl-1 l%3,4,6-trideoxy-3-(dm 

aza- 15,1 6-dioxatricyclo[l 6.2.1.1 1 • 4 ]'' pehtadecan-7-one ; 
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[3a-(3B*.4£*,5£*.6a*.7a*,9B # , 1 1B*12B* 1 3fi*. 1 4B>4-[(2.6-dideoxy-3-C-methyl- 
3-O-methyl-a-L-ribo-hexopyrano^iqxyJ^I 4*ethyfc7, 12, 1 3-trihydroxy-3,5,7,9, 1 1 , 13- 
hexamethyl-e-p^.e-tndeoxy-S-idimethylaminoJ-p-D-xylo- 
hexopyranosyl]oxy]azacyclotetradecane-2,10-dione ("erythromycin A lactam"); 

[2B-(2^,3^4a*.5B*.8B^9S*.10S*,1 i^gB^l-H^^-DidGOxy-S^C-methyl-a-L- 
nbo-hexppyranosySJoxyJ-S-ethyl-S^-dihydroxy^.S,^ 6,1 2.1 4-hexamethyl-1 1 - 
K3,4.6-tricteoxy-3-(dimet^ 

oxabicyclo[10.2.1]pentadec-14-en-7-one ("erythromycin C lactam enol ether"); 
[2B-(2^.3B*,43*,5K .^.9^1P^4 1 ^ 

ribo-hex«pyran ) osy!)oxY^ftb^M3,4^ 1 0, 1 2, 1 4-he.xamethyM 1 - 

[[3.4;6-trideoxyr3^(ethy^ 

oxabicyclo[10.2.l]pentadec-l4-en-7-one; 

: [2fir(2^,3^,4^;^.8g*v?^^ 

ribo-hexopyranosyl)oxyH-ethyl^hydrp^ 2J4-hexamethyl-l 1 -[[3,4,6- 

trideoxy-3r(dimethylaminp)-fr(5-xy!o-hexbpy 5- 
oxabicyclo[10.2.1]perrtadec-14-en-7-ohe ("erythromycin D lactam" enol ether"); 

[2B:(2Ef^,4^^8^,9^4C!S; J 1^2£>j&fe£pW 
ribo-hpxopy,ranosyl)oxy]-5 T et^ 
trideoxy-3^(ethylmethy!amino)-a:^ 
oxabicyclo[1 0.2.1]pentadec-1 4-en-7-one; 

' [2B-(2B*^,4^,sp*,^^^ 
methyl-a-L-rtoo^hexopyran^ 
heptamethyl-1 1-.[[3,4,6Ttrideoxy-3-(dimethylamino) 
aza-1 5-oxabicyclo[1 0.2.1 Jpentadec-1 4-en-7-one ; 

[2R-[2R*.3R*(1 R*,2S*),6R*,7S*,8S*,9R*,1 0R*]j-7-[(2,4,6-Trideoxy-3-C-methyl-3-O- 
methyl-a-L-ribo-hexopyranosyl)oxy]-3-(1,2-epoxy-1-methylbutyl)-2 f 6,8,10,12- 
pentamethyl-9-[[2-0-acetyi-3,4,6-trideoxy-3-(dimethylamino)-p-D-xylo- 
hexopyranosyl]oxy]-4,13-dioxabicyclot8.2.1]tridec-12-en-5-one; 
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[2R-(2R\3R*,4R*,5R*3R/,9S*,10S*^ 

O-methyl-a-L-ribb-hexopyranosyl^ 1 0, 1 2, 1 4- 

hexamethyl-1 1 -[[3,4,6-trideoxy-3-(ditt 

aza-1 5-oxabicyclo[1 0.2.1 jpentadec-T4-en-7-one; 

[2R-(2R*,3R*.4R*,5R*,8R".9S*.1 0S*.1 1 R*,1 2R>9-[(2,4,6-Trideoxy-3-C-methyl-3- 
b-methyl-a-L-n'bb- hexopy ranbsyl)oxy]-5-ef hy!-3,4-djhydroxy-2,4,6,8, 10,12,14- 
heptarnethyl-1 1 -[[3,4,6-tiideoxy-3-(dimethyiamino)-p-D-xyfo-h 
aza-1 5-oxabicycloiVo.2;1]pentadec^i4-en-7-bne; 4 

[2R-(2R*,3R*,4R* 5R*,8R*.9S*,1 0S*,1 1 R*,1 2R*)]-9-[(2,6-Didooxy-3-C-methyl-3-0- 
methyl-a-L-ribo-hexdpyra^^ 1 0,1 2, 1 4- 

^he&methyM^^ 

hexopy ranosyl]oxy]-6-aza-l 5-bxabl(^clof 1 0.2. 1 jperitadec^ 1 4-en^one ; 

[2R-(2R*,3R*,4R*,5R*,8R*.?S*,1 0S*,1 1 R*,1 2R*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 

fi»thyi-a-L-rit£-hexopy 

hexamethyi-1 l-[i3,4,6-trideoxy-^^ 

hexopyranosypoxyJ-6-az^ 

[2R-(2R*,3R*.4R*,5R*.8R*,?S*.1 OS*. 1 1 R*,1 2R")J-9-[(2,6-Didepxy-3-C-methyl-3-0- 
rnethyi-a-L-n^ i 0,1 2, 1 4- 

HexaimetHyj-1 1-|[3,4V6-trid©bxy-3-(^rbpyim 

hexopyrariosyl]oxy]~6-az^-1 &oxabicy^ 4-en-7-brie ; and 

[2R-(2R*,3R*,4R*.5R*,8R*,9S*,1 OS*, 1 1 R*. 1 2R*)]-9-[(2,6-Dideoxy-3-C-methyl-3-0- 
? ; m0thyl-<x^ 2, 1 4- 

" hexamethyr-fi-[[3,4,6-trideoxy-3-(A 

hexopy rano^y1]oxy]-6-aza-1 5-oxabicyclo[i 0.2: f Jpentadec-i 4-en-7-bne ; 
and pharmaceutical ly acceptable salts thereof. 
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7. An intermediate useful in, the preparation of a compound according to 
Claim 1 having a formula s . lected from the group consisting of 




0 |t?" r °^ CHa 




CH, CH, 

cH *„JOl 



CH,OR 7 



and 



CH, 
CH,OR 7 



wherein R6 is selected from the group consisting of hydrogen and -OH; 
R7 is selected from the group consisting of hydrogen and methyl; 
R8 , s selected from the group consisting of hydrogen and loweralkyl; and 
r9 is selected from the group consisting of hydrogen and hydroxy. 

8. A process for preparing a compound according to Claim 1 wherein A 

■> • ■...: ■>?<. ... : . »<" " " ' '■'■'•*?' ■ 

is a group of the formula \ , comprising the step of treating an amine 

alcohol having the formula ;> c ::<:. gt rj r -: ■* 



-,.«»«0'*^o CH, 

R"NH .^l^V^CK,. 

° I °''/^0_,CK 3 




CHg OR 7 



with a suitable base under conditions sufficient to induce cyciization to a lactam. 
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A process for preparing a compound according to Claim 1 wherein A 




* CH 3 

is a group of the formula w \ and R 6 is -OH, comprising the step of 
treating an epoxide having the formula 



^ I* HO 




CH, 



CH, OR 7 

«-■*;- ■.■•!t ; -- ■- ■ • • < • : 5 / . • w : '" ■ , - 

with an amine under conditions sufficient to induce epoxide opening and 
spontaneous cyclization to a lactam. w L 

10. A pharmaceutical composition comprising a therapeutically effective 
amount of a compound according to Claim 1 and a pharmaceutical^ acceptable 
carrier. / 

11. A method for enhancing gastrointestinal motility in humans and other 
mammals in need of such treatment comprising administering a thereapeutically 
effective amount of a impound according to Claim 1 . 

1 2. A method of fteiiitating'fhe placement of diagnostic and therapeutic 
instrumentation into the proximal small intestine of a human or other mammal 
comprising administering to such- human jpr mammal a compound according to 
Claim 1 in an amount effective'fbr enhancing gastrointestinal motility. 
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